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Preface
The purpose of this thesis was twofold. The first
objective was to complete the development of the Alr Force
Institute of Technology (AFIT) Far-Field Radar Range with an
automated and fully calibrated measurement process. The

second objective was to use the range to investigate the

scattering of metallic versus transparent canopies on the
total Radar Cross Section (RCS) of fighter aircraft.

The first task was successfully completed, as the user
can obtain calibrated and accurate RCS measurements from his
or her seat in front of the Hewlett Packard computer and a
copy of the AFIT RCS Measurement Software (ARMS) code, which
is conveniently consolidated on one floppy disk.
Investigative measurements were then taken of canopy models
at the AFIT range and a similar, but more established
facility at the Wright Research and Deveiopment Center. The
results of the measurements simply quantify the relative
level of the scattering from the cockpit/canopy area with
respect to the total aircraft.

I owe many thanks to select people in completing this
study. I could not have even begun this endeavor without
the guidance and experience of my advisor, Capt Phil Joseph.
His patience and skill in lessening the intimidation and

r
frustration inherent in any topic dealing with DE
electromagnetic scattering is noteworthy. I am grateful to G
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Capt Cass Hatcher and his crew at the Air Force Orientation
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Center, Defense Electrcnic Supply Center (DESC) for
supplying me with crucial information and material for the
low RCS test body. Thanks and much apprecilation are also
due to Dave Driscoll and Jack Tiffany of the AFIT
Fabrication Shop for their design expertise and model-making
prowess demonstrated in building the variocus models.
Finally, I would like to recognize Butch Porter and his co-
workers at the Barn for their flexibility and willingness to
measure my targets. Most importantly, however, I thank ny
wife, Kathy, for her support, patience, and understanding
throughout our entire AFIT experience.

Scott A. Owers
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AFIT/GE/ENG/89D-33
Abstract

The purpose of this study was twofold. The first objective
was to complete the development of AFIT's Far-Field Radar
Range with a fully automated measurement process. The second
objective was to wuse the facility to investigate the
scattering of metallic versus transparent aircraft canopies
relative to the scattering of the total aircraft. The
approach for the investigation wvas: first, to measure scale
~odel aircraft to determine the effect cf the RCS orf <the
canopy/cockpit area on the RCS of the total aircrartt, :nd
second, to design and measure a test body which would isolate
the canopy/cockpit area from the rest of the aircraft.

The result of the work on the first task is a software
package called AFIT RCS Measurement Software (ARMS). The
successful performance of the far-field range was validated
by very favorable comparisons with the Wright Research and
Development Center's anechoic chamber. The scale model
measurements suggest at most a 5 dB difference oetween the
scattering from the two extreme cases. The test body,
however, clearly demonstrated differences up to 20 dB at
certain frequencies.

This study documents the upper and lower bounds of the
subject measurements in an indoor measurement range. The Air
Force has expressed interest in steering the investigation

to examine materials and/or canopy construction.
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AUTCMATION CF AN RCS MEASUREMENT SYSTE!M AllD TS
APPLICATION TO INVESTIGATE THE ELECTRCMAGUETIC

SCATTERING FROM SCALE MODEL AIRCRAFT CANCPIZEC

Introduction

The Radar Cross Section (RCS) of a target has recelved

—~ucn attention in recent years, fueled in part by the adrent

o7 zwealth technolcay. RCS 1¢ an important garane<cr wiich
i2scribes the amcunt otf radar energy that a target -oZatters
sack to a radar receiver. KXnowledge of what causes the RCS

of a target is an invaluable tool for the designer ct
nilitary vehicles. Determining the RCS of even simpl~
cbjects however, is a complex matter. 1In fact, the RCS of
certain 'simple' gecometries cannot be calculated by current
nethods. The military significance of the RCS teamed with
“he limitations of theory in calculating it places a great
deal of importance on the measurement of a target's radar
cross section. A good measurement system will not only find
“he toctal RCS of a target, but will also identify the rmajor
~ontributors.

To make an RCS measurement, ideally, the target ~ust ke
illuminated by a plane wave. A plane wave can Le

approximated by placing the target at a large distance from

the source, so that the spheri-zal wavefronts transmitted by
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range. A rule-of-thumb for determining the minimunm

separation, R, from source to target in a far-field range i:=
given by
)
R > 5D/
where D is the crossrange extent of the target and : 1s the
cperating wavelength of the radar. For example, .. a target

:5 three meters wide and is to be measured at 10 ZHz, the
required range separation is 1.5 Km. Clearly, the
measurement of large targets at operationally useful
frequencies leads to large outdoor facilities, thus indoor
ranges are restricted to measuring smaller targets. Outdoor
facilities, however, suffer the disadvantages of external
monitoring, interference from external sources, and bad
w“eather. Onz2 study contributed as much as a 35 percent
increase in operating hours for the indoor range due to the
weather alone (4:383). Another method of approximating a
plane wave 1s to use a range reflector to simulate the large
range separation, R, in a relatively short distance. By
utilizing this approacn, the compact range is capable of
increasing the size of targets to be measured in an indoor
facility. This study will deal with an indoor far-field

range.




Background

The radar cross section of a target is an indication crf
the amount of power in the incident field that 1is
intercepted by the target and scattered back to the source.
I 1s a fictitious area which can be thought of d4s the
geometrical area required to produce the target's return if
the energy intercepted by this geometric area were re-
radiated isotropically. The formal definiticn of the RCS,

s, 1s given by

c = lim 4nR°|E%|°

R0 'El'Z
Where
E' = the electric field incident on the target
E® = the electric field scattered from the target
R = the distance between the source and target

The definition is normalized so that it is independent of
the range separation between the source and the target and
the level of the incident field (6:157).

The far-field, or plane wave requirement is accounted for
in the above definition by the limiting process as R
approaches infinity. In an actual measurement range,
tolerance standards are set for acceptable amplitude and
phase variations of the wavefront. The far-field range
relies on a large range separation to yield a plane wave
with acceptable amplitude and phase variations.

The defirnition of RCS also assumes the target to be in
free space, which is also an impossible condition to

3




perfectly duplicate 1n an actual measurement systen. radar
returns from sources other than the target are unwanted
signals and represent sources of error. With the indoocr
range, the unwanted returnz are caused by scattering fron
the walls, the target support structure, the floor, and even
coupling between the transmit and receive antennas. add to
these all the possible multiple interactions between these
scatterers and the number of unwanted returns quickly
becomes very large.

These unwanted returns can be partially removed in an
indoor range by attenuation, vector subtraction, cr hardware
(range) gating. Applying Radar Absorbing Material (RAM) to
the surfaces which are unwanted scatterers, such as the
walls of the range, attenuates the undesirable energy and
improves the approximation of free space. The other two
tecnniques for improving the free space condition, vector
subtraction and time gating, are indirect methods, and will

be discussed later.

AFIT Far-Field Range

The heart of AFIT's RCS measurement facility 1is the
Hewlett Packard Network Analyzer HP 8510B. This recently
acquired piece of equipment measures the radar return
(relative to a reference signal) and is used to control the
assoclated hardware necessary for the RCS measurement. The
range can accommodate measurements from 6 to 18 GHz, and is
powered by an HP 8340B Synthesized Sweeper. The chamber is

4




lined with eighteen inch pyramidal absorber, and uses a

conical ogive target support.

The radar cross section is a complex function of nany
varliables, hence there are a number of ways to displayv it.
The AFIT far-field range will be able to analyze a target's
RCS in various ways. One of these, a common method known as
a "pattern cut", is to rotate the target in some plane
through 360° at a fixed frequency. This measurement reveals
the dependence cf RCS on the aspect, or viewing angle.
Another measurement which will be available 1is the
"frequency response" of the target's RCS. This 1is a
measurement through a range of frequencies at a fixed aspect
angle, and yields both the amplitude and phase of the RCS as
a function of frequency. The complex frequency domain data
can be transformed to the time domain via an Inverse Fourier
Transform to obtain a temporal view of the target's return.

These techniques will be explained further in Chapter III.

Problem statement

The purpose of this thesis is twofold. The first
objective is to compnlete the development of the AFIT far-
field radar range; particularly to install the recently
acquired equipment and automate the measurement process with
proper calibration procedures. The chamber will then be
used to investigate the effect of a metallic versus a

transparent canopy on the total RCS of an aircraft.




Approach

The first task 1s to upgrade the instrumentaticn used In
the AFIT chamber. This will involve writing the software
necessary to fully utilize the measurement capabilities of
the newly acquired network analyzer. These measurements
include pattern cuts and target frequency responscs. The
ability to measure the amplitude and phase of the frequency
response brings about the requirement to perform a complex
calibration. The complex calibrated frequency response can
then be used to compute the band-limited impulse response of
the target (time domain view). These are all tasks -'hich
the software must accomplish. The software will also
perform a vector background subtraction and implement a
'software range gate' to minimize the undesired signals.
This first task will include the software, validation tests
of the system, and an assessment of system sensitivity, or
noise floor.

The second task of this research is to examine the
scattering from metallic versus transparent canopies.
Measurements will first be made of small-scale models of
fighters. These measurements will show the effect of
metallic versus transparent canopies on the total aircraft
RCS at a specific azimuth angle. The measured results of
the scale models must be scaled in order to relate them to

the full-size aircraft. For example, a 1/33 scale model




neasured at 10 GHz is equivalent to the rfull-size alrcraft
neasured at an effective operating frequency of .2 GHz.

Measurements will also k2 made on a test boedy which will
physically isolate the cockpit/canopy effect from the
aircraft. The test body, which will be discussed further in
Chapter V, is intended to have a very low RCS so that the
object of interest, in this case the cockpit/canopy, will be
the only scatterer. In addition, the test body measurements
will result in a higher effective ocperating fregquency, since
the cockpit/canopy can be as large as the entire scale model
mentioned in the above example.

As mentioned earlier, in an ideal RCS measurement, a
target would be in free space and would be illuminated by a
perfect plane wave. One objective of the next chapter is to
quantify how well the AFIT measurement range approximates

these ideal conditions.




The AFIT Anechoic Chamber

This chapter describes the hardware and physical layout
of the AFIT far-field RCS measurement range. Also discussed
are the approximations of the conditions assumed in the
definition of RCS. These conditions are that cf an incident
plane wave and of a target in free space. These conditions

will be quantified to some extent.

Physical Layout

The RCS measurement range is part of AFIT's Advanced
Technology Laboratories located in Area B at Wright-
Patterson AFB. The range was built in the confines of
Building 168, which presented the primary restrictions on
the dimensions of the anechoic chamber. A sketch of the
measurement range, shown in Figure 2-1, reveals the main
features of the measurement chamber.

The most outstanding feature of the anechoic chamber is
its tapered design. The chamber was constructed several
years ago when such a taper was thought to suppress specular
wall reflections. Measurements from Swarner (8: ) and
calculations from Joseph (3: ), however, have shown that
the pyramidal absorber material used to line the walls is
not a specular scatterer. The question of optimum chamber
design is outside the scope of this study.

The length of the room is 45 feet, while the crossrange

distance varies from 16 feet at the front to 24 feet at the
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AFIT range floor plan
Figure 2-1

rear of the chamber. The ceiling is canted upward from a
height of 14 feet at the front to 26 feet at the back. The
two entrances into the chamber are located on the right and
left sides towards the front of the chamber. A cross-
section of the measurement chamber is shown in Figure 2-2.

The center of the target mount, or pedestal, is 26.5 feet
from the front wall and centered in the cross-range
dimension. The pedestal is a conical ogive column made of
metal and stands 7.5 feet high. Its shape and orientation
with respect to the incident wave are designed to have a
very low RCS while maintaining the ability to support and
rotate a target.

The microwave energy is transmitted into the chamber by a
pyramidal horn antenna, and the return signal is collected

by an identical receiving antenna. The antennas are mounted
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Cross-section of chamber showing target pedestal
and antennas
Figure 2-2
adjacent to one another and separated by two inches in a
circular cavity on the front wall of the chamber. The
antennas are centered in the cross-range dimension and are
at a height of eight feet above the floor. The antennas are
mounted such that the faces of the antennas extend two
inches beyond the front wall of the chamber.

The walls, ceiling, and floor of the chamber (with the
exception of the walk-way to the target pedestal) are lined
with 18 inch pyramidal Radar Absorbing Material (RAM). A
block of pyramidal absorber is shown in Figure 2-3.

This RAM is a carbon impregnated urethane foam. The 4'x
4' blocks are glued to the conducting ceiling and walls of

the chamber, and placed on the tile floor of the chamber.
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The RAM acts as a geometric transition from non-conducting
free space to the conducting walls and ceiling. RAM is also

placed to hide the base of the target support pedestal.

Pyramidal Radar Absorbing Material (RAM)
Figure 2-3 (6:252)

Hardware

The next task is to descrike the instrumentation used to
perfoim RCS measurements in the AFIT range. A schematic of
the hardware set-up is provided in Figure 2-4.

Source/Amplifier. The transmitted signal for the RCS
measurement is a continuous wave (CW) microwave radio
frequency signal generated by the HP 8340B Synthesized
Sweeper. The sweeper output is fixed at 0.0 dBm. The
accuracy of the source at this output level is #1.5 dB. The
signal is passed through a directional coupler, and then
sent to the HP 8349B Microwave Amplifier where the level is

boosted to 24 dBm for all measurements. At this relatively

11




low power output level, the stability of the amplifier is
rated at +1.25 dB (2:Sec 1-11}.

Antennas. The purpose of the antennas is to transmit the
illuminating energy and receive the scattered energy.
Because the source is producing a continuous signal (as
opposed to a pulsed-CW system), separate transmit and
receive antennas are required. The antennas used in this
study cover the frequency range of 6 GHz to 18 GHz. The
main lobe of the radiation pattern provides nearly uniform
illumination of the target.

Frequency Converter. The role of the HP 8511A Fregquency

Converter 1s to convert the RF test and reference signals to
IF while preserving the relative amplitude and phase of the
two signals. This function is not performed perfectly:
however, any frequency-dependent distortion introduced will
later be eliminated in the calibration process. The
frequency conversion of the RF signal is to an IF of 20 MHz
which is then passed to the network analyzer for
measurenent.

Network Analyzer. The heart of the measurement system is
the HP 8510B Network Analyzer (NWA). The HP 8510 is
actually composed of two instruments which operate on the
incoming data from the frequency converter. 1In the first
step, the HP 85102 IF/Detector converts the 20 MHz signal to
150 KHz where the synchronous detectors determine the real

and imaginary parts of the test signal relative to the

12




WED TSP Dm0 WIT

transnit

SCURCE AMPLIFIER
RF out in out
» L 4

antenna

AN ’
4 ", s
; K

N
kDir Coupler

A

\

receive
antenna

" -‘4

raf®
— FREQUENCY
CONVERTER
¢ test PRINTER =
b :
~ / Interconnect I
[ IF/Detector ’ EP TCMPUTER g
\__ NETWORK _ & HP-1B & F-of;
" ANALYZER 7 [ ]2
I [
= a
R s
S
2
PEDASTOL PERSONAL
CONTROLLER COMPUTER

reference signal.

of the network analyzer.,

Hardware configuration
Figure 2-4

The source,
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linked to the NWA via the HP 8510 System Bus.

then sent to the HP 85101 Display/Processor for data

processing and conversion to one of the display formats.

In the

The relative amplitude and phase data is

The entire system can be controlled from the front panel
frequency converter,

pedestal controller, and peripherals such as plotters can be




configuration usad at the AFIT range, however, the

measurement process 1s automated by a computer.

0

System Contrc.ier. The measurement procedure is directed

by the HP 9000 Series 236 Computer. The computer controls
the entire system eitlier directly through the HP-IB or
indirectly through the HP 8510 System Bus via the network
analyzer. The computer and NWA share the processing and
calibration functions as prescribed by the software. These
tasks and the software will be discussed in Chapter TIT.

Pedestal Controcller. The servo-mechanism which rctates

the target pedestal 1s controlled by the Newport Ccrporaticn
855C Controller. This controller is directed by the HP

computer.

Peripherals. There are several options for obtailning

hardcopies of the RCS data. A printer is hardwired to the
HP computer for obtaining program listings or screen dumps.
A plotter is also hardwired to the HP computer to get
formatted RCS plots. Another plotter is dedicated to the
NWA to obtain a copy of whatever data is on the NWA screen.
Finally, a personal computer is connected to the HP computer
via an RS232 link so that data files can be sent to this
second computer for off-line processing.

The final objective of this chapter is to evaluate how
well the AFIT RCS range duplicates the conditions assumed in
the definition of RCS of an incident plane wave and a target

isolated in free space. While the software which directs

14




the measurement procedure 15 very much a part cf AFIT's
anechoic chamber, its impact on the final result will be

addressed in Chapter III.

Target Zone

The definition for the RCS, ¢, assumes that the distaence
between the target and the source approaches infinity to
enforce plane wave illumination. (The target is assunmed to
e a small scatterer in the far zone of the source.) One
guestion to be answered, then, is how close is the incident
field in the measurement chamber to a plane wave. The osther
assumption in the definition that the target is in free
space prompts another question of how well the measurement
simulates a target in free space. Both of these guestions
are addressed next.

Incident Plane Wave. In comparing our incident field to

an ideal plane wave, three parameters are considered:
crossrange amplitude variation, crossrange phase variation,
and downrange amplitude variation. Ideaily, all three are
zero. In general, the allcwable variation in these
parameters depends on the type »f target being measured, the
required accuracy of the RCS data, and the type of
processing to be performed on the RCS data. For this thesis
effort (and commonly used in similar measurements), a 1 dB
downrange and crossrange amplitude variation, and a 7/16
radian crossrange phase variation will be chosen as allowed
limits. These limits define a region in space called a

15




target zone, 1in which tme incident wave 1s acceptably
similar to a plane wave. The following paragraphs will use
these three parauseters to determine the targe* zcne, or
maximum size of the target.

First, consider the downrange amplitude variation. Let R
ke the distance from the amplitude and phase centers of the
antennas to the target zone, and assume R is large enough so
that the amplitude of the incident field varies as 1/R in

the target zone (a very good assumpticn). This leads tc the

relationship
D=R/8.2 2-1

where D is the downrange extent of tha target zone.

The next parameter to ke considered is tne crossrange
phase variation. Assume that the source is a point source
as shown in Figure 2-5. (A more rigorous analysics would
consider the actual antenna used, but would yield virtually
identical results.) Assume that E'(L/2)/E (0)=Ae® , so that
A and ¢ are the crossrange amplitude and phase variation,
respectively. By simply accounting for the different phase
paths from source tc target zone center and from source to

target zone edge, one can show that ¢=7/16 radians leads to,
L<X (AR) /2 2-2

where L is the crossrange extent of the target zone and ) is

the operating wavelength. By the same argument, the

16
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Point source model for phase variation
Figure 2-5
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vertical extent of the target zone is also given by equation

2-2, hence the target zone can be visualized as a cylinder

of diameter L and length D centered on the target mount.
Finally, when considering the crossrange amplitude

variation, the point source model is inadequate. Its

~
~

application would result in L R. A more rigouous analysis

where some antenna is chosen nust be carried out. This
would result in a limit on L which is less restrictive than

that set by the allowed crossrange phase variation. The

dimensions of the target zone, therefore, are determined

from equations 2-1 and 2-2. More information on this
subject can be found in (5:920-928).

Recalling the fixed range separation in AFIT's chamber of
26.5 feet, equation 2-1 yields a value of 3.2 feet for the

~

downrange extent of the target zone. Figqure 2-6 displays L

versus frequency for a range of 26.5 feet.
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The maximum crossrange extent of the target zone is
clearly limited by the highest operating frequency.
Currently, the maximum frequency of operation in AFIT's
range is 12.4 GHz, which restricts the crossrange extent of
the target zone to 0.725 feet, or 8.7 inches. The
crossrange extent of the target zone is 0.6 feet, or 7.2
inches if the upper frequency is 18 GHz. Now that the
target zone is fully specified, the front and side views of
the target pedestal and the cylindrically-shaped target zone
are shown in Figure 2-7.

Target in Free Space. To accurately produce the RCS of a
target, the range must be able to measure the return frecm
the target as if it were in free space. Any returns from
other than the target will in~orrectly affect the result.
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Figure 2-7

The goal of the AFIT far field range, then, is to minimize

these erroneous returns. A parameter used to evaluate how

well a chamber reduces the unwanted returns is called the

noise floor.

The noise floor is the noise level remaining after range

gating and vector subtraction have been performed. It

determines how accurately, if at all, low
measured. In a well designed measurement
noise is below the "noise [loor", so that
not the overriding source of noise in the

system. The measured noise floor of the

least -60 dBsm between 8 GHz and 12.4 GHz.

the amplitude of a measurement, however,
to the Signal to Noise Ratio (SNR). This
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example, if a measurement accuracy of * 0.5 dB is desired,
the target should have a minimum RCS at least 10 dB higher
than the measured noise floor, or -50 dBsm.

In summary, the target zone of the chamber was identified
as a 3.3 foot cylinder with a diameter of 0.72 feet. the
noise floor of the chamber was measured at -60 dBsm between
8 GHz and 12.4 GHz. The next chapter discusses the software
which automates the measurement process. In addition ro
describing the structure of the program and the options it
offers the user, Chapter III will explain how the
measurements are taken and show that these are valid RCS

measurements.
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AFIT RCS Measurement Software

An integral component of the AFIT far-field measurement
range 1s a software package called AFIT RCS Measurement
Software (ARMS). The code was written in HP BASIC to run
the HP 9236 comrter which serves as the controller for the
measurement range. Although the most obvious purpose of
ARMS is to automate the range instrumentation, the software
also directs the measurement procedures and, more
significantly, calibrates the raw data and performs vector
background subtraction. There is also a post-processing
option via the network analyzer. The purpose of this
chapter is to explain these capabilities and provide a brief

description of ARMS.

ARMS Structure

The ARMS program is a compilation of three major
subroutines. The first two perform pattern cuts and
frequency responses, respectively, while the third
subroutine handles processing and plotting of previously
measured data. A significant portion of the
processing/plotting subroutine is composed of existing code
written recently by AFIT faculty and staff members. More
detailed information regarding the architecture and
operation of the software may be obtained from the flow

charts provided for each subroutine (listed in Appendix A},
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or from the code itself (listed in Appendix B). The flow
charts provided in this chapter are extremely simplified in
order to aid in the discussion of the measurement procedure.

The overall organization of ARMS is shown in Figure 2-1.
The motivation behind this structure is to separate the
measurement activity from the plotting and processing
activity. This organization was selected in part because of
the ability and preference to transfer the calibrated data
files from the HP computer to a Zenith computer, whose
plotting and processing options are not nearly as limited.
This apprecach will also save time since it frees the range
for further measurements.

Calibration

This section will explain the formula used in ARMS to
produce the calibrated RCS of a target for a pattern cut or
frequency response. A discussion of the limitations of the
formula and how it applies to the two measurements will
follow.

In order to determine the RCS, the formula must produce
the quantity r(ES/E'), where E°® is the scattered field of the
target, E' is the incident field at the target, and r is the
range separation from antennas to target. This quantity,
which is the basis of the definition of RCS (reference
equation 1-1), assumes a plane incident wave and, for now,

neglects the 47 constant.

22




ARMS PROGRAM

N MAIN MENU j——
1

: FREQUENCY i
PATTERN RESPONSE PLOTITNG
T and PROCESS]
THE DOMAIN

ARMS organization
Figure 3-1

Consider the exact solution of the scattering from a
sphere, E25° The solution can be written in terms of the

incident field and the range separation as shown below

where F is some known complex scattering function. Note
that two of the elements in the definition of RCS, r and Eﬂ
are present in the exact solution of the sphere, but are
inverse to the same elements in the desired quantity.
Solving for F corrects the inverse problem, and since it is

known exactly, F will be used to calibrate the desired
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result. Finally, multiplying F by the quantity E°/E°,
results in a very good approximation to the desired quantity
in the definition of RCS. As will be shown later in this
chapter, since the measured sphere return, E%M, i1s close
enough to the exact solution of the sphere, EZE, the two
guantities will cancel to result in the expression shown in

equation 3-1.

S S — S
(B ) x (B, 5 ¢ E 3-1
E] ESSH E]

where E®’= the measured scattered field from the target
(with the background subtracted)

E2W= the measured scattered field from the sphere
(with the background subtracted)

The formula, then, used in ARMS to calculate the

calibrated RCS in the frequency domain is given by

which, ideally is equivalent to

g = 4ﬂr2|§;|2
The quality of the measured sphere and target returns
dictates the accuracy of the measurement. The software
performs complex vector background subtraction on these
returns in an attempt to duplicate the free space condition
inherent in the definition of RCS. (Recall that the far-

field condition has already been assumed, and is
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approximated by imposing limitations on the permitted phase
and amplitude variations of the incident field.) The
subtraction, however, cannot include the interactions
between the target and the target mount, or between the
sphere and the sphere mount, and so on, because these
interactions are not present in the background measurement.
Note that the formuia for the calibrated RCS given in
equation 3-2 can be used for a single frequency, as in a
pattern cut, or used repeatedly through a range of
frequencies, as in a frequency response.

The next task is to describe the procedure for performing
the two measurement options available to the user: the
pattern cut and the frequency response. A pattern cut is a
representation of the RCS of a target as a function of
aspect angle. The data is taken at a single frequency while
the target is rotated through 360 degrees. A frequency
response shows the RCS of a target as a function of
frequency at a fixed azimuth angle. This allows for the
calculation of a bandlimited impulse response, which is a
time domain view of the target scattering. For both
options, there are four measurements required to compute the
RCS. They are the reference sphere background, the

reference sphere, the target background, and the target.

Also, an appropriate amount of averaging is used for each
type of measurement, and the user can select the width of a

pre-measurement gate which defines the range gate for which
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data is collected. The pattern cut is the first measurenent

option to be discussed.

Pattern Cut Procedure

For the pattern cut, ARMS directs the network analyzer
to record the magnitude (in dBsm) of the complex return for
all measurements. For this discussion, refer to the flow
chart of the measurement procedure for the pattern cut which
is shown in Figure 3-2.

First, the user is prompted to input information needed
for the pattern cut, such as the operating frequency, gate
width, and polarization. The user then measures the return
of the reference sphere background. This background is
composed of the room and the mount which supports the
sphere. The network analyzer places this return in the
network analyzer memory. The next measurement needed is the
return from the reference sphere. After this measurement is
made, the network analyzer subtracts the sphere background
return from the sphere measurement to come up with the free-
space measurement of the reference sphere. As explained
earlier, the background subtraction is performed to comply
with the free space condition in the definition of RCS.

Note that the sphere and sphere background measurements are
taken at one position only.

The third measurement is of the target background. If
the target background is identical to the reference sphere
background, the measurement can be skipped, as ARMS will
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Measurement procedure for a pattern cut
Figure 3-2

substitute the sphere background return for the target
background return upon subtraction. If the target
background is different, care should be taken that the
target background, or mount, is symmetrical in the azimuthal
plane since the mount will be rotated in a pattern cut. As
before, the target background return is placed in the
network analyzer memory where it will be subtracted from the

target return.
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When the target background option is resolved, the last
measurement is of the return from the target. At each
degree, the target return is measured and sent to memory
where the target background is subtracted. The free-space
target return is then stored in the first row of a 1 x 260
dimensioned array. The positioner then rotates the target
mount to the next position and the process is repeated until
the array is filled. This sequence of measurements 1is
intended to minimize the possibility of moving something in
the chamber once it has been measured, hence introducing
error in the measurement procedure.

The final step in producing a pattern cut is to calculate
the RCS for each of the 360 data points. The formula which
calculates RCS for a pattern cut uses an a-mroximation which
makes it slightly different from the formula given in
equation 3-2. The high frequency approximation for the
return of a sphere, naz, (a is the radius of the sphere), 1is
used instead of the exact solution for the scattering from a
sphere. The effect of this simplification on the pattern
cut, however, is simply a uniform shift in the magnitude of
the data. The formula used by the HP computer to calculate
the magnitude of the return in decibels, is shown in
equation 3-3.
=1Olog(na2) + [Target-Target_background]

c’pattern cut

- [Sphere - Sphere_background] (dBsm) 3-3
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After the pattern cut 1s complete, the result is
displayed on the HP 9236 computer, with a menu which offers
several options. The user can align or shift the pattern
cut to a desired angle, save the result, perform another
pattern cut, or return to the main menu. An example plot of
a pattern cut is shown in Figure 3-3. The target is a

trihedral corner reflector oriented so the maximum cpen face
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Example plot of a pattern cut
Figure 3-3

occurs at 180°. The RCS is given in dBsm, and the angular
resolution of the data is one degree. The header

information provided at the bottom of the plot includes the

29




width of the software gate selected at the peginning cof tle

measurement.

Frequency Response Frocedure

A frequency response measurement displays the RCS of a
target as a function cf frequency at a fixed azimnuth angle.
For each of the four required measurements, the network
analyzer samples the bandwidth of the swe=2p at 801 equal
intervals, and records the real and imaginary components cf
the return in a 801 x 2 dimensioned arrav. ARMS implements
trace averaging, where the displayed trace is a weighted
average of previous traces, instead of the single freguency
point averaging technique used in the pattern cut, to obtain
consistent datea. Figure 3-4 provides a flow chart of the
measurement procedure for a frequency response.

As with the pattern cut, the first step taken by ARMS is
to obtain the necessary input from the user. For a
frequency response, the required information is the start
and stop frequency, antenna polarization, range gate width,
averaging factor, and the sweep mode of the source generator
(ramp or step). The first two measurements are of the
returns from the reference sphere and the reference sphere
background. The network analyzer writes the complex data to
arrays called Reference, and Ref_ background, respectively.
Next, the user is prompted to measure the target background.
As with the pattern cut, if the backgrounds are the same,
ARMS provides the user an option to substitute the reference
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Measurement procedure for a frequency response
Figure 3-4
sphere background return stored in the array Ref_background,
for the measured target background return to be stored in an
array called Target background. Finally, the target is
measured and the data stored in the array named Target.

For the frequency response, ARMS performs complex vector
background subtraction for the sphere and target
measurements. The calibration is performed using the exact
solution of the reference sphere, as indicated in equation

3-2.
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A sample of a frequency response plot is shown in Figure

3-5.
c.librated frequency response data,
labeled

measurement range gate, 'soft gate'

The plot designates the center of the sottware gate,

'gate center', and the width of the gate,

width', which is symmetric about the center.

Note that a software gate can be applied to the

in addition to the pre-

on the plot.

labelced

labeled 'gate

ARMS utilizes

the processing capability resident in the network analyzer

to set the location and width of the secondary gate.
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3-5 is a five inch sphere.

Example plot of a frequency response
Figure 3-5

The target in the example frequency response in Figure
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RCS of a sphere is the specular return, which is shown in
the plot to be approximately -19 dBsm. The variation of the
RCS about this level indicates the presence of the creeping
wave which adds in and out of phase with the specular

return.

Time Domain

As mentioned earlier, the network analyzer has a feature
which produces a temporal view of the RCS by transforming
the frequency response data to the time domain via an
inverse Fourier Transform. This view of RCS gives an
indication of the downrange position of the scatterers
on the target. Figure 3-6 is an example plot of the time
domain view of RCS. The target is the same sphere whose
frequency response is shown in Figure 3-5, but the specular
and creeping wave are now isolated in time. Notice the same
header information is provided for the frequency response
plot and time domain view of RCS. The alias free range,
impulse width, and range resolution are useful parameters
which describe the time domain view and quantify the
limitations due to the band-limited processing and the
sampling technique used to obtain the RCS versus time data.

Alias Free Range. The alias free range, or measurement
range, is the downrange distance in which a measurement can
he made without encountering aliasing, which is a repetition
of the response. Aliasing is a consequence of the manner in
which the frequency domain data is collected. An
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illustration of aliasing is provided in Figure 3-7.
The network analyzer effectively converts continuous
frequency spectrum data into a discrete set of data due to
the sampling process at the uniform frequency points. The
effect of this sampling process is that the time domain
response becomes a periodic function with a period, T, of
1/0f seconds, where Af is the frequency spacing between
samples. The frequency spacing is determined from the
bandwidth of the frequency response and the number of

samples taken. The alias free range, R is found by

alias free/

multiplying the period of the repeating time domain
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Illustration of aliasing

Figure 3-7 (1:Sec 3.5-11)
response, T, by the velocity of the wave in the medium, c,
which is taken here as the speed of light in free space.
Because an RCS measurement is a reflection measurement, the
actual downrange distance of the target cannot exceed half
of the alias free range.

1

R Af (Hz)

(meters)= X c(m/sec)

alias free

At the AFIT measurement facility, the downrange distance
before aliasing is encountered is 89.5 feet for a frequency
range of 8 to 12.4 GHz and 801 sampling points.

Range Resolution. This parameter defines the minimum
distance required to separate two responses of equal
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magnitude which are close together in time. Sometimes
called response resolution, the range resolution is directly
related to the impulse width. The impulse width depends on
the frequency range and the window selected, and is defined
as the width between the half power points. For reflection
measurements such as for RCS, the relationship for the

impulse width is

Impulse Width = 0.96/f (Hz2)

range

where frange is the bandwidth of the frequency response, and
the constant 0.96 is associated with a 'normal' window as
defined in the network analyzer (l:Sec 3.5-16). (Note the
difference between this definition and the approximation of
the impulse width for a typical radar, which is 1/(2B),
where B is the bandwidth of the pulse.) For a freguency
response from 8 to 12.4 GHz, the impulse width is 0.22 nsec.
This width will be wider for responses of different
magnitudes.

The range resolution is found by multiplying the impulse
width by the velocity of the wave, taken again as c, the
speed of light. For the frequency response example given

above, the range resolution is 2.6 inches. For a frequency

response from 6 to 18 GHz, the range resoclution improves to

slightly less than one inch.
Display Resolution. The display resolution determines

the ability to determine the location of a response in the
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time domain. This parameter depends on the time span on the

display and the number of data points as shown below,
Display Resolution =twm/(no. of points-1)

where topa is the time span on the display. For

n
measurements made at the AFIT range, the bandwidth for a
frequency response will always be sampled 801 times, and the
time domain display will go from -5 to 5 nsec, so a time
domain response can be located with a resolution of 12.5
picoseconds on the display. Obviously, the time domain

display resolution can be improved by simply narrowing the

time span on the display.

Software Gate

A time gate can be applied to the time domain data of a
frequency response measurement. This is accomplished from
the Plotting and Processing branch of ARMS. The gate acts
like a time bandpass filter which mathematically eliminates
responses outside the gate. ARMS allows the user to select
the position of the center of the gate ana a symmetric gate
width. After the gate is activated in the time domain, the
network analyzer performs a Fourier Transform of the gated
time domain data to obtain the new frequency response data.
It is noted here that the automated processing available via
ARMS represents a fraction of the processing options that
exist in the network analyzer. (For more information, see
reference (l:Sec 3.6).)
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Performance Validation

The purpose of this chapter is to validate the
performance of the AFIT far-field measurement range, and
demonstrate the analytical procedure and type of information
obtainable using the ARMS software. The first step is to
evaluate the measurement procedure and the performance of
equation 3-2, which ARMS uses to determine the RCS of a
target. This could be accomplished by comparing
measurements of simple objects, such as flat plates or a
cylinder, with the theoretical RCS of the target.
Obviously, the inherent limitations of a measurement made in
an indoor measurement range (due to the imperfection of the
far field and free space approximations) are not considered
in the theoretical predictions. However, with proper
attention to measurement and processing details, one can
achieve agreement (to within graphical accuracy) between
measured and predicted RCS. Another way to assess the
performance of the AFIT far-field range is through
comparison with measurements and processing from an
established indoor RCS measurement facility. To verify the
proper operation of the AFIT facility, measurements were
repeated at the Wright Research and Development Center's
(WRDC) anechoic chamber. This measurement facility will be
briefly described later in this chapter. The prasence of

signals from other than the target in a measurement is a
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source of error, and prompts questions regarding the effect

of the noise flcor.

Noise Floor

The noise floor of a measurement range is defined here as
the maximum level of all unwanted signals in the measurement
procedure after processing. In addition to the noise
introduced by the hardware, the chamber is a significant
source of noise in the form of undesirable scatterers.
Ideally, the return from the empty chamber (no target
present) 1s zero, as stated in the free-space condition. 1In
the real world, however, the enrpty chamber, even when
carefully lined with RAM, scatters the incident field. The
dominant scatterers in the AFIT chamber can be seen by
viewing the scattering of the chamber in the time domain as
shown in Figure 4-1.

The most dominant return seen in Figure 4-1 is actually
not a scatterer, as alluded to in this discussion, but
represents cross~coupling energy between the transmit and
receive antennas. The next significant return may be caused
by two smoke detectors whose mount and location,
unfortunately, were driven by safety, as opposed to
scattering considerations. Located near the center of the
figure and the chamber, the target pedestal structure and
associated RAM are the cause for the second largest return.
Also, the interactive scattering between the target
pedestal, ceiling, and walls is a source of noise. Finally,
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direct scattering from the rear wall is seen to be a
significant scatterer.

The unwanted signals can be partially removed by
attenuation, vector subtraction, and hardware/software range
gating. The chamber is lined with RAM which attenuates the
energy as discussed in Chapter II. ARMS also utilizes
vector subtraction and software range gating to reduce all
unwanted signals. The scattering from stationary objects is
very repeatable, hence vector subtraction does a good job of
negating their impact on the measurement. A further means

of reducing the unwanted signals is to apply a filter in the

S11 log MAG
REF —-40.0 dB
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Time domain view of chamber scatterers
Figure 4-1
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time domain which passes only the energy corresponding to
the downrange position of the desired target. Note that
this technique, called time (or range) gating, also passes
energy scattering from the target support structure. The
effectiveness of these techniques can be determined by
measuring the noise floor.

The noise floor, shown in Figure 4-2, 1is measured by
performing a frequency response where the target measurement
1s actually a measurement of the empty chamber. The target

background, of course, is also the same empty chamber. The

-<0 |IHHIIIIIH|IIIIIIIIHIIIIIIIIHIIIIIIIHIIIlll!!lllllll||!ll|l|ll!l’||I|IIIII]
: -
- -
-30 IE— ——
~ !
-60 —
; .
0
@
I =70 —_
s L
* L
~-80 —_ ;
r =
N =
I*... —
-30 — -
% »
T -
-100 J.llll_lll.ll_llll.llllllllIIllllllllllllIllllllIlIlllullll.lllllllllllllllllIIllln
8 8.55 .1 g. 65 10.2 10.73 11.3 11.85 12. 4
FREQUENCY (GHz)
Fila Nome Bandwidth Polarity Soft gata GCata Centar Gata ¥idth Date
N8 8-12. 4 GHz HORTZONTAL 7 7 aug B9
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gate of 7 nsec, averaging factor of 16, and horizontal
polarization
Figure 4-2
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figure shows the RC3S of the empty chamber between 3 to 1I2.-:
GHz, and represents the minimum level of a target return
which can be discerned from the returns of che noise sources
in the measurement procedure.

Some measurements in this thesis were taken between 6 to
18 GHz, as copposed to 8 to 12.4 GHz, because antennas with a
greater bandwidth became available late in the research
phase of this study. Preliminary measurements indicate that
the new antennas concentrate more energy on the target and
thus yield an improved noise floor. Regardlecs of the
antennas used to make the measurements, to obtain results
accurate to within = 0.5 dB, the return from the target
should be 10 dB higher than the ncise floor. Figure 4-3
shows the noise floor measured using the new, broadband
antennas. The noise floor at the WRDC Anechoic Chamber is
claimed to be -70 dBsm (7). A brief description of this

facility follows.

WRDC Anechoic Chamber ("The Barn')

There are many physical differences between the AFIT
chamber and the Barn (a local name for the facility). The
primary consideration is how these differences affect the
plane wave and free space conditions. The Barn's
measurement range :s housed in a very large building (shaped
like a barn) which allows for a large chamber; approximately
twice the size of AFIT's chamber. The measurement facility
is a compact ran:~, meaning a parabolic reflector is used to
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Noise floor of AFIT range using 6-18 GHz antennas; soft gate
is 7 nsec, averaging factor is 16, horizontal polarization
Figure 4-3

simulate a plane wave. One benefit of the large room and
parabolic reflector is a target zone of nearly 10 feet 1in
downrange length. The large room also causes greater
spatial attenuation of various error signals, thus improving
the free space approximation. The hardware configurations
which drive the compact ranges are adalso different.

The Barn's range is built around a Lintek system instead
of the Hewlett Packard Network Analyzer used at AFIT's

range. The sources used in each chamber are identical,

however the Barn has the capability to simulate a pulsed
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system by utilizing hardware gates. This 1s a key factor
regarding the free space ccondition, because only the
scattering from objects In the desired downrange lccation
are passed and detected. 1In addition, only one antenna is
required at the Barn which eliminates the cross-coupling
energy between antennas which occurs at the AFIT facility.
Another difference is the bandwidth of the antennas. The
Barn can collect data between 2 to 18 GHz, as opposed to 6
to 18 GHz at AFIT. Some other general comments are the
relative easy access to the target pedestal, and the data
processing which is independent of the measurement
procedure. The above is a fundamental description at Lbest.
Questions regarding the capability of the Barn's measurement
ranges should be directed to WRDC/SN.

The last notable difference between the two measurement
ranges is in the presentation of the product. The scale of
the bandlimited impulse response (time domain) is presented
in a linear, dimensionless scale as opposed to the dBsm

scale used in the AFIT systemn.

Validation Measurements

The first validation measurement is a frequency response
with a vertically polarized incident field on a cylinder of
length 12.25 inches and radius 1.5 inches. The cylinder's
orientation is shown in Figure 4-4; note that it is

broadside to the incident field.
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side view

Orientation of cylinder for validation measurements
Figure 4-4

The high frequency approximation for the RCS of a
cylinder at brcadside is given as,
o o, L2
g ® 2r =

= radius of the cylinder
length of the cylinder
wavelength

where a
1
A

and predicts a value of approximately -2 dBsm at 8.5 GHz.
The frequency responses taken at the AFIT and WRDC
measurement ranges are shown in Figure 4-5a and Figure

4-5b, respectively. Both measurements show a slightly lower
RCS than the predicted value. The AFIT measurement is
slightly lower than the Barn measurement due to a difference
in the azimuthal orientation rather than a flaw in the
measurement procedure, while the general pattern of the
frequency response 1s very similar for both measurements. In
the time domain, the plots are harder to compare because the
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vertical scales are different. The scattering phenomena are
plain Lo see in the AFIT plot (shown in Figure 4-6a), while
more difficult to see in the Barn plot (shown in Figure
4-6h). The scattering consists of a reflection and a
creeping wave. The longer path length of the creeping wave,
referenced to the specular path length, corresponds to a
0.65 nsec roundtrip delay, which is evident in the AFIT
plot. The AFIT plot also shows the return due to the double
diffraction mechanism which includes the opposite edges.
This scattering mechanism has a roundtrip path length
corresponding to 1 nsec. In the time domain plot of the
Barn's measurement, one 1s interested in the envlope of the
trace (due to their processing). The reflection is evident
in Figure 4-6b, while the other mechanisms are not; this is

due to the linear scale.

Analysis Technique

The purpose of the next validation measurement is to
demonstrate the analytical procedure used in the time domain
to isolate seperate scatterers. The target for this
measurement is a pair of circular flat plates which are
different sizes and separated in the crossrange and
downrange directions. The configuration of the plates is
shown in Figure 4-7, and the incident field is vertically

polarized.
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front view side view

Orientation of circular flat plates for
validation measurements
Figure 4-7

The frequency response provided in Figure 4-8 shows an
interference pattern caused by the constructive and
destructive phase relat:ionship as the frequency changes.
While this information is useful, it is often beneficial to
know the frequency response of a single scatterer, or in
this example, the frequency response of just one plate.

This is accomplished by applying a bandpass filter in the
time domain centered over the scacterer of interest. The
time domain view of the RCS of the two plates is shown in
Figure 4-9. Note that the scattering from each plate is
shown by the two peaks, located at -0.71 nsec and 1.34 nsec,
and that the temporal separation is the roundtrip time. The
temporal path length between these peaks is 2.05 nsec, and

indicates the plates are separated by 30.75 cm. Also, the
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po;arization
Figure 4-8
amplitudes of the returns confirm that the 4 inch plate was
in front of the larger 6 inch plate.

A bandpass gate (from -1.36 nsec to -~0.06 nsec) is
applied around the return from the first plate; the
resultins gated time domain is shown in Figure 4-10a. This
is then transformed to the frequency domain via a Fast
Fourier Transform (FFT). The frequency response of the
first plate alone is shown in Figure 4-10b.

The RCS of a flat plate is dependent on the angle of
incidence and wavelength of the incident wave. According to
the high frequency prediction formula, a=4wA%/A, where A is
the area of the plate and A is the wavelength, the RCS of a
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Figure 4-9
circular flat plate at normal incidence varies from -2.3
dBsm to 1.5 dBsm as the frequency increases from 8 GHz to
12.4 GHz.

As can be seen from Figure 4-10b, the effects of the
processing are evident at the edges of the bandwidth, near 8
GHz and 12.4 GHz. When these effects are excluded, the
frequency response exhibits the proper trend regarding the
frequency dependence, namely, the RCS of a flat plate

increases as the frequency is increased at normal incidence.
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Measurement Results

The imprcvements and new capabilities of the AFIT far-
field measurement range have been fully described and
verified. The next phase of the research is to use the
facility to investigate the effect of a metallic versus a
transparent canopy on the total RCS of an aircraft. The
approach for the investigation is based upon measurements of
scale model aircraft and measurements of a test body
specifically designed to isolate the cockpit/canopy area.

The organization of this chapter mirrors the major
chronological events of the research. The foundation of the
measurement process was a sufficiently bounded measurement
test matrix which would ensure appropriate data to
accomplish the identified objective of the research. The
next task was the judicious selection of a scale model
aircraft which would maximize the benefits for the intended
research, but not violate the physical 1imits of the
chamber. Measurements of the scale models were then taken
in three configurations (specified later in this chapter) to
determine the relative magnitude of the scattering of the
canopy and cockpit with respect to the scattering from the
entire aircraft. The measurement results for the scale
model aircraft were then analyzed and the conclusions
documented. The next logical step to investigate the
scattering from the subject area was to isolate the
cockpit/canopy from the aircraft. To achieve this, a test
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body was designed, again, with the chamber limitations in
mind. After the measurement of the test body, the final
task was to analyze the data and draw conclusions frem the

results.

Measurement Matrix

The objective of the measurements is to investigate the
scattering from the cockpit/canopy area relative to the
scattering from the entire aircraft. The following
paragraphs discuss the measurement conditions which were
either required by the ARMS measurement procedure and/or
appropriate for the research.

A thorough investigation of the angular dependence of the
scattering is outside the scope of the study, therefore all
frequency response measurements were nose-on and at a zero
degree elevation angle. All measurements were taken with
both a vertically and horizontally polarized incident field.
The frequency dependence of the scattering was within the
scope of this study, however, the availability of the
transmit and receive antennas determined the frequency range
with which the targets could be measured. Frequency
responses of the scale model aircraft performed at the AFIT
range were only measured between 8 and 12.4 GHz, while
similar measurements taken at the Barn of any target could
be in any bandwidth between 2 and 18 GHz. Frequency
responses of the test body were taken from 6 to 18 GHz at
both facilities, because wider bandwidth anten. is became
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available for use at the AFIT chamber for these
measurements. The illuminating frequencies for pattern cuts
were 8 GHz and 10 GHz.

Two target configurations were used to simulate a
perfectly metallic and a perfectly transparent canopy. The
metallic canopy was modeled by painting the canopy with the
same metallic paint used to cover the target such that the
cockpit of the target was completely shadowed from the
incident field. The transparent canopy was modeled by
simply removing the canopy from the target. In this
configuration, the cockpit was totally illuminated. The
measurement conditions are summarized in the test matrix

shown in Figure 5-1.

Scale Model Selection

The first step in selecting a scale model aircraft was to
define the requirements which would fully describe the
perfect target to be measured. The next step was to conduct
a tradeoff between the perfect target and the practical
considerations of readily available but less-than-perfect
targets.

The two main criteria in selecting the scale model
aircraft were the size and type. The type of aircraft was
selected from modern fighters, because their requirement for
situational awareness is typically satisfied via an exposed,
bubble~shaped canopy. The F-16A and F-15E fighters were
then chosen. The size of the fighter model is clearly
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Figure 5-1

limited by the dimensions of the target zone of the chamber.
The target zone was defined in chapter II as the area in the
measurement chamber in which the incident wave approximated
a plane wave within designated phase and amplitude variation
standards. The target zone of the AFIT range is centered on
the target pedestal, and is cylindrically shaped with a
length of 3.2 feet and a diameter of eight inches. In the
case of the fighters, the wing span was the limiting factor.

The largest scale modei which could properly occupy the
target zone was calculated to be approximately 1/46 of the
full size of the target. The 1/46 scale model was deemed
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insufficient to achieve the desired objective because of the
following reasons: the length of the cockpit/canopy on this
size was only 2.75 inches, a model of this particular scale
was not commonly available, and the range resolution for a |
frequency response between 8 to 12.4 GHz was 2.6 inches.
BRased on the above reasons, it was decided to measure a 1/32
scale model of the F-16A and F-15E fighter aircraft.

The scaled targets were built from plastic model kits,
and assembled in an airborne configuration without any
external stores or weapons. The cockpit of the aircraft
contained a removable seat and the normal features found in
a plastic model kit, including the Heads-Up Display (HUD).
If necessary, the kit was modified so the canopy/fuselage
interface was smooth, and the canopy was easily removable
from the fuselage. Finally, all surfaces of each fighter,
including the cockpit, were painted with metallic copper
paint so that the targets were highly conductive. The test
for conductivity was a resistance of less than 3 ohms
between any two points on the target.

Before showing the measurement results of the scale modlel
fighters, the following paragraphs briefly describe the
measurement procedure and decode the abbreviated titles of

the plots. Although the conditions of each measurement are

documented in the writing, the explanation is intended to

aid the reader in examining the data. ;
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The ARMS code requires one array to be filled for each of
the feollowing: reference target, reference target
background, target, and target backgrcund. (Recall the
option to skip the target background measurement if the
target background is identical to the reference target
background.) For the scale model measurements, the
reference target background and the target background was a
six inch styrophoam column, so the above-mentioned option
was used. The option was very important because it allowed
the target configuration to be changed without moving the
entire aircraft. For example, a measurement run is the
consecutive measurement of the three target configurations
(without re-measuring the target background) by altering,
but not moving, the model in the following manner. First,
the model was measured with the canopy, then the canopy
carefully removed (yielding the cockpit with a seat), and
finally, the seat removed. All measurements were taken with
a RAM cap over the target pedestal.

Due to the limited space available for labeling the
plots, the filename is encoded. The first two letters
designate the target: the third letter designates the
polarization of the incident field; the fourth, fifth, and
sixth letters represent the target configuration; and the
seventh and eighth letters designate the measurement set
number. The targets are coded as follows: TA (1/32 scale

model F-16), TB (1/32 scale model F-15), and TC (test body).
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The target configuration codes are: CAN (aircraft with
canopy on), SET (canopy off; cockpit with seat), and COC
(cockpit without seat). For example, the filename TAVCAN2B
is a measurement of target TA (the 1/32 scale model F-16)

with a Vertically polarized incident field and the CANopy

on.

Measurement Results

Although the performance and accuracy of the AFIT range
vwas demonstrated with validation measurements, some
questions were raised concerning the performance of the
system when the target was a complex, low level scatterer,
such as a small model aircraft. 1In particular, a
significant concern was the consistency of the results, and
the repeatability of the measurement procedure.

An extensive number of frequency response measurement
runs were performed to resolve this concern, and all target
configurations produced the same conclusions. Figure 5-2
shows the RCS for two independent measurements of the F-16
without the canopy or seat in the time domain and frequency
domain. The incident field is horizontally polarized. The
frequency domain plot shows the general patterns are very
similar, as the RCS is within 2.5 dB except where the nulls
are slightly shifted at 11.3 GHz. This amount is
representative of the error associated with the placement

and mounting of the target.
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The data in the time domain also shows the repeatability
of the measurement procedure. As can be seen from Figure
5-2a, however, the traces begin to diverge as the number and
complexity of the scatterers which compose the return
increases. For example, the traces are almost identical up
to 0 nsec, which corresponds to approximately 65 percent of
the length of the model. Towards the rear of the target,
the number of scatterers increases which results in minor
deviations between the traces. The canopy/cockpit area,
incidentally, is well within the forward half of the model
F-16. The dominant scatterers on the target are always in
close alignment, even beyond 0 nsec, as can be seen at 0.5
nsec on Figure 5-2a. Target alignment is chiefly
responsible for the minor differences in the time domain
traces.

The next logical step is to identify the scatterers which
are evident in the time domain plot of the RCS. To aid in
the analysis, a template of the target is overlayed on the
time domain plot of the target's RCS. The template is, of
course, scaled and positioned to correspond to the target's
actual downrange position in the chamber. A time gate from
-2.0 to 1.0 nanoseconds is applied to the F-16 data to
eliminate the returns not caused by the target. The
template, shown in Figure 5-3, indicates the scattering from
the nose of the F-16 occurs at ~-1.85 nsec with respect to

the center of the reference target, and similarly,
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Template for time domain analysis of 1/32 scale F-16
Figure 5-3

scattering from the tail of the F-16 corresponds to 1.05
nsec from the center of the reference target.

F-16, 8 to 12.4 GHz, horizontal polarization, AFIT. The
first target to be analyzed is the 1/32 scale F-16 (TA) with
a horizontally polarized incident field. The next three
figures (Figures 5-4 through 5-6) show the RCS for each of
the three target configurations in the time domain and
frequency domain. The following paragraphs refer to the
time domain plots for each target configuration.

The first scatterer in all three measurements is
unmistakenly due to the nose of the target. The -55 dBsm

level of the return is comparable to the RCS of a similarly
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dimensioned cone, and the time of the return, -1.75 nsec,
closely corresponds to the downrange location of the nose.
The next resolvable return for each configuration is
close in temporal location but different in magnitude. The
return does not occur at the calculated location of the
front of the canopy, -1.3 nsec, as one might expect.
Instead, the return, occuring at -1.0 nsec for the CAN
configuration, -0.97 nanoseconds for the COC configuration,
and -0.9 nsec for the SET configuration, is most likely due
to the engine inlet which is located directly beneath the
center of the canopy. Because the range resolution for a
frequency response from 8 GHz to 12.4 GHz 1is only 2.6 inches
(see page 36), the teiporal differences in the target
configurations cannot be resolved from the dominant
scattering of the engine inlet. The result is that the
subject return for each configuration is slightly skewed
about the temporal location of the scattering from the

engine inlet. The magnitude of the returns are the only

distinguishing feature of the three target configurations.
The configuration which caused the highest return, not
surprisingly, was SET (the cockpit with the seat), because
the seat was directly illuminated by the incident field. A
notable observation, however, is that the canopy caused a
larger return than the empty cockpit. The RCS at roughly

the center of the canopy for the SET, CAN, and COC
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configurations are -35 dBsm, -37 dBsm, and -39 dBsm,
respectively. The trend of the magnitude of the returns for
the three configurations was not discernible from the
frequency response plots.

The final return of interest occurs at -0.45 nanosec with
a magnitude of -32.5 dBsm. This return is independent of
the target configuration and is believe to be a result of
the scattering from the end of the engine inlet cavity.

In summary, for a horizontally polarized incident field,
little information regarding the scattering from the
canopy/cockpit area of the F-16 model was gained. This 1is
primarily because the electric field was aligned with and
scattered from the horizontally oriented and oblong-shaped
engine inlet, thus obscuring the electromagnetic view of the
subject area. Also, the range resolution of the AFIT chamber
was inadequate to separate the scatterers in the different
target configurations. It was confirmed, however, that the
cockpit with the seat is a dominant scatterer, while it was
learned that the canopy scatiered more (2 dB) than the empty
cockpit. Although little was learned about the scattering
from the canopy/cockpit, the conclusion is useful
information in the context of the entire model aircraft.

The next task was to perform an identical set of
measurement runs at the AFIT far-field measurement range to
investigate the scattering from the subject area with a

vertically polarized incident field. 1In the same format as
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with the preceding horizontally polarized measurements, the
data is provided in a series of six plots (Figure 5-7
through 5-9). As before, the nose of the aircraft is the
first resolvable scatterer based on the temporal location
and magnitude of the response. The level is almost 4 dB
lower than the same measurement with a horizontally
polarized field. The difference is caused by the asymmetry
in the nose of the aircraft.

An interesting observation is that the discontinuity
caused by the intersection of the fuselage and the front of
the canopy is now apparent. The peaks which occur at
approximately -1.3 nanoseconds in all three configurations
correspond to this point. As in the previous case, the seat
configuration is the dominant scatter, but the empty cockpit
now scatters more than the canopy by at least 6 dB, as one
might expect. Figure 5-10 shows the time domain returns for
the three target configurations on one plot.

Another unexpected result occurs at -0.7 nsec which
corresponds to the discontinuity caused by the intersection
between the back of the canopy and the fuselage.

Significant scattering occurs with the canopy, possibly via
a traveling wave propagating from the front of the canopy to
the back. Also, the scattering from the end of the engine
inlet cavity, which was so dominant with the horizontally

polarized field, is not present.
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The effect of the polarization of the incident field is
significant and beneficial to the objective of this thesis.
The benefit is two-fold. Nct only is the scattering from
the canopy/cockpit area more apparent, but the undesirable
scatterers on the model, such as the engine inlet and
cavity, appear to scatter less. The measurement runs of the
other targets in this effort are onl.y analyzed for the case
of a vertically polarized incident field based on the merits
of thi conclusinn.

One solution to the problems associated with measuring
the relatively small scale model aircraft at the AFIT range
was to measure an aircraft with a larger canopy/cockpit,
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such as the F-15E. The results and conclusions, however,

were very similar to those for the F-16, with one exception.

The difference in the magnitude of the scattering between
either cockpit configuration and the scattering from the
canopy configuration at the temworal locaticn of the seat
was significantly higher than the same location on the
F-16. Nearly a 20 dB difference is very clear in the time

domain plot shown in Figure 5-11.
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Time domain view of RCS of 1/32 scale F-15, three
target configurations, vertical polarization
Figure 5-11
To further investigate the scattering of the
canopy/cockpit area, the 1/32 scale F-16 and F-15 models

were measured at the Barn, which is capable of a broader
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fregquency coverage and better time domain resolution. Given
the information obtained thus far, the scenario measured at
the Barn was selected to produce the best opportunity to
observe scattering from the subject area. Based on the
lessons learned from the scale model measurements taken at
the AFIT chamber, it was decided to concentrate on
measurements of the F~15 from 2 GHz to 18 GHz with a
vertically polarized incident field. (Measurements were
also takew from 8 GHz to 12.4 GHz for validaticn purposes;
these yielded the same results obtained at AFIT).

F-15, 2 to 18 GHz, vertical polarization, the Barn. As

before, the three target configqurations were measured, and
the time domain and frequency response plots for each
configuration are provided in Figure 5-12 through Figure
5-14. A template of the model is overlayed on selected
plots to aid in viewing the data.

The general conclusions are the same as those drawn from
the AFIT measurements; the SET configuration yields the
strongest scattering, followed by the COC and CAN
configurations, respectively, The difference, however, is
that the range resolution of the Barn facility provides more
detailed information on which to base and defend the
conclusions. Recall that tie AFIT time domain measurement
of the F-15 (Figure 5-11) yielded only one peak which
distinguished the three target configurations. As can be

seen from the time domain plots, there are many scatterers
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which contribute to the overall return and can be isolated
for further analysis.

The first task is to identify the causes of the major
peaks which occur in the region of interest. The front and
pack of the cockpit define this region, which extends from
-1.8 nsec to -0.9 nsec, respectively. By observing the
effect that changing the target configuration has on the
amplitude of a peak, and knowing the temporal location which
corresponds to the physical position of suspect scatterers,
the significant contributors can be identified. For a
complex target such as an aircraft, care must be exercised.
A radar return could be the result of multiple reflections,
resulting in a time domain peak that does not correspond to
the downrange position of a specific scatterer.

There are five scatterers which produce significant
returns in the region of interest. The first scatterer is
the discontinuity formed by the front of the canopy. The
return from this scatterer is identical for the SET and COC
configurations, but is significantly reduced in the CAN
configuration. The next two scatterers share the same
downrange distance which corresponds to -i.6 nanoseconds.
The first of these occurs in the CAN configuration and is

due to the discontinuity czused by the junction between the
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two pieces which compose the canopy. The other scatterer at
-1.6 nsec occurs in either cockpit configuration and is the
most dominant scatterer on the model. In bcth
configurations, the Head Up Display (HUD), 1is illuminated.
The peak from the HUD is very clear in Figures 5-13 and

5-14 at -1.6 nsec. The next contributor is the seat.
Clearly, the negative and positive peaks at approximately
-1.3 nsec of Figure 5-13 and 5-14 are directly influenced by
the presence (or absence) of the seat. Finally, the back of
the cockpit scatters in much the same way as the front of
the cockpit. (Note that the amplitude of the impulse
response is dimensionless. This is a result of the
processing.)

The frequency response plots of complex targets are much
more difficult to analyze and identify meaningful trends
because the RCS of a complex target is a complicated
function of frequency. For example, by comparing the
frequency responses for the SET and COC configuratiocns, it
is almost impossible to determine which configuration
scatters the most. The correct answer for this complex
target, which is demonstrated in the data, is that either
can be the stronger scattering configuration depending upon
the frequency. One conclusion which could be determined
from the frequency response data is that the SET
configuration scatters more than the CAN configuration, as

the SET magnitude is always dgreater or equal to the
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magnitude from the CAN configuration. The difference in
magnitude and the amount contributed by a specific
contributor, however, cannot be precisely determined from
the total aircraft's frequency response.

To summarize the measurements of the 1/32 scale models,
the F-16 and F-15 were measured as described in the test
matrix shown in Figure 5-1. The models were first measured
at the AFIT range from 8 GHz to 12.4 GHz, where it was
discovered that a vertically polarized incident field
scattered from the canopy/cockpit area more than a
horizontally polarized incident field. The limited success
at the AFIT facility was due to the limited bandwidth and
small target size. Based on that experience, and to
increase the probability of obtaining better data, it was
decided tb emphasize measurements of the larger model
(F-15) with the widest possible bandwidth (2 GHz to 18 GHz)

and a vertically polarized incident field.

Test Body Approach

This phase of the study examines the scattering from the
canopy/cockpit area by physically isolating the subject area
via a test body. There were two reasons and benefits for
doing this. First, the size of the canopy/cockpit would be
larger than that of the scale model because only the
canopy/cockpit needed to fit in the target zone. This
reduces the limitations imposed by the range resolution.
Another benefit of increasing the size of the test area is
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an increased effective illuminating frequency. The
effective illuminating frequency is the frequency which
would illuminate a full scale target in the 'real world' if
the ratio between the length of the test wavelength and test
target is maintained. The second reason is that the purpose
of the test body is to physically isolate the
canopy/cockpit, thus eliminating other scattering mechanisms
which are not of interest.

The three major design criteria for the test body were
that it: 1. have a very low monostatic RCS (forward
direction only), 2. accurately model the canopy and
canopy/fuselage interface of the F-16 or F-15 aircraft, and
3. allow the test area (canopy/cockpit area) to fit within
the confines of the quiet zone of the AFIT chamber. The
canopy had to be removable so a cockpit could be measured.
The following paragraphs address the design criteria in
further detail.

In anticipation of the acquisition and installment of the
broadband antennas (6 GHz to 18 GHz), the test area had to
fit in the quiet zone for a fregquency of 18 GHz. (The
highest frequency dictates the target zone.) The target
zone was defined in Chapter II for this frequency as a
cylinder of length 3.2 feet and diameter 7.22 inches
centered on the target pedestal. Since the cross-range
extent of the target zone was obviously the dimension which

would limit the size of the test area, the maximum width of
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the canopy was also restricted by this dimension. The
actual dimensions of an F-16 canopy were obtained and it was
determined that a 1/5 scale canopy would just fit. A canopy
of this scale was not readily available; however, a spare
canopy from a 1/10 scale model F-~16 was obtained from the
Air Force Orientation Group (AFOG) at the Defense Electronic
Supply Center (DESC) in Kettering OH. Regarding the third
design criteria, the task was reduced to simply building a
test body which would allow the canopy/cockpit area to fit
in the target zone. Since the target zone and canopy are
oblong shapes, it was natural to shape the test body in a
similar fashion. In fact, the shape of the test body was
designed from the actual dimensions of the fuselage of an
F-16. (This is explained further in the discussion of the
second design criteria.) The baseline test body was then
modified to meet the low RCS design criteria.

The first design criteria was that the test body have a
very low frontal RCS. This meant that edges, rough
surfaces, discontinuities, changes in the radii of
curvature, and other sources of scattering had to be kept to
a minimum, especially near the canopy. The front cf the
cylindrically-shaped test body was smoothed to a pointed
cone, and the back of the test body was rounded to a
hemisphere. The radius of the test body was designed as
small as possible without forcing a drastic change in the

curvature of the surface at some other point on the test
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body. The surface of the test body immediately surrounding
the canopy was kept as smonth and consistent as possible.
Only at a distance of several wavelengths from the front and
back of the canopy did the shape begin to change to the
cone, and hemisphere, respectively. The entire test body
was painted with conductive silver paint which was acquired
from Spray Lat Ccrporation in Mount Vernon, NY. An ohmmeter
was used to make sure the surface was uniform and never
akove two or three ohms between any two points on the test
Lody.

The second criteria was that the shape of the canooy and
the canopy/fuselage interface be as accurate as possible.

As previously mentioned, the canopy for the test body was an
actual canopy from a 1/10 scale model (very accurate), and
the test body was designed from the fuselage dimensions of
an F-16, and then altered. The accuracy of the shape of the
canopy/fuselage interface was maintained within a perimeter
surrounding the canopy for as long a distance as the test
body would permit. The top and side views of the test body
are shown in Figure 5-15.

The dashed line indicates the perimeter in which the
shape of the F-16 fuselage was maintained. Beyond the
perimeter, the shape was altered to meet the other design
criteria of the test body. Ideally, at the lowest
frequency, the shape of the F-16 fuselage should be accurate

for at least several wavelengths all around the
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canopy/fuselage interface. This distance was achieved at
the front and back of the canopy, . .wever, the narrow width
of the target zone did not permit the same distance for the

perimeter - * the sides of the canopy. At the sides, the

perimeter extends one inch beyond the canopy/fuselage
interface, which, at 6 GHz, is approximately half of a
wavelength. The discontinuity caused by the removable

canopy was minimized.
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On the other nand, no attempt was made to duplicate the
cockpit of the F-16, and the SET configuration was not
required to be measured. The cockpit was a simple cavity
with the same gross dimensions as the actual cocckpilt.

There were also considerations driven by measurements
which affected the design. The test body was to be mounted
with a sting mount, which supports the target from the rear
and projects the test body in front of the target pedestal.
The benefit of this mounting scheme is that a time gate can
be used which passes the return from the target while
omitting the scattering from the target pedestal. Because
the target was in front of the target pedestal, the test

body had to be under ten pounds.

Measurement Ilesults

For the test boay measurements, there are two target
configurations. These simulate the extreme cases of a
metallic and transparent canopy. The SET configuration is
not considered. All measurements presented in this section
use a vertically polarized incident field (for the same
reasons cited for the scale models), althcugh the test body
was measured with a horizontally peolarized incident field at
both facilities. The frequency range was 6 GHz to 18 GHz.

The test body measurements taker at the Barn of the CAN
and COC configurations are shown in Figure 5-16 and Figure
5-17, respectively. The benefits alluded to earlier of
measuring the test body are now apparent. The relatively
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sparse returns attest to the success of isolating the
canopy/cockpit. The spikes in Figure 5-16a correspond to
the discontinuities shown by the template. The peak at
-4 .0 nsec, however, is not associated with any
discontinuity. It is due possibly to a flaw, or non-
uniformity in the paint job. Another benefit of the test
body is the larger magnitude of the returns. It is apparent
by viewing the frequency response data that the COC
configuration is approximately 5 dB to 10 dB higher than the
CAN configuration. Of course, these frequency response
plots contain many undesired signals. A time gate can
easily be applied to isolate the desired canopy/cockpit
scattering from the undesired signals. (This isolation was
not possible in the measurements of the F-16 and F-15
models.) A time gate from -6.0 nsec to -2.0 nsec is applied
to the data, and the resulting time domain and frequency
response data is provided in Figure 5-18 and Figure 5-19 for
the CAN and COC configurations, respectively.

At the lower frequencies, the COC configuraticn is
scattering up to 20 dB more than the CAN configuration. The
disparity lessens as the frequency is increased, but is at

least 10 dB until about 14 GHz, or approximately two thirds

of the plot.
To investigate this further, the CAN configuration was

measured from 2 GHz to 18 GHz. The time domain and
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frequency response of this measurement are shown in Figure
5~20. Notice the significant amount of energy between 2 GHz
and 6.5 GHz. The cause of the low frequency energy appears
to be the large spike which occurs at approximately 0.25
nsec in the time domain plot. (In comparing the same
measurement from 6 to 18 GHz (Figure 5-16a), the scattering
at 0.25 nsec is present, but not nearly as strong.) This
scatterer occurs well beyond the temporal location of the
test body, and is therefore not caused by any direct
scattering from the test body. The next concern is to
identify the reason for this scattering. Based on the
temporal location, the scatterina may be a direct return
from the sting mount, or could be related to energy creeping
around the rear of the test body. This energy could proceed
directly back to the observer, or intercept the target
pedestal which would cause additional scattering. Whatever
the cause of the return, it is of absolutely no interest to
this study.

The measurements of the test body were also taken at the
AFIT chamber, with both polarizations and a frequency range
of 6 GHz to 18 GHz. Despite the relative complexity of the
target and the data processing, the results are amazingly
similar, as seen in Figure 5-21. This figure shows the
frequency responses taken at each facility of the test body
without a canopy. (Figure 5-2la is a repeat of Figure

5-19b.) The patterns and levels are virtually identical.
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The only difference between the measurements is the depth of
the nulls, which is cgreater at the Barn because nf the
greater sensitivity. Target alignment, however, 1s always a
possibile source of error.

The 1/10 scale factor cf the test body can be used to
approximate the level of scattering from a full scale
canopy/cockpit. The level of scattering from a full-scale
target 1is roughly -20*log(scale factor) dB higher than the
scaled target. Thus, for a scale factor of 1/10, the full
scale vehicle would scatter 20 dB higher than the 1/10 scale
model. For example, Figure 5-16b indicates the magnitude of
the return for the 1/10 scale canopy at slightly past 12 GHz
is -35 dBsm. The magnitude of the return from a full scale
canopy, then, would be -15 dBsm. As previously mentioned,
the COC configuration is scattering 10 to 20 dB higher than
the CAN configuration. Obviously, the difference in
scattering between the same configurations on a full scale
aircraft would still be 10 to 20 dB. Of course, the full
scale vehicle is a much more complicated geometry than the

relatively simple geometry of the test body.
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Conclusion

The problem statement for this thesis was twofold;

consequently, observations and recommendations for each task

are given separately.

AFIT Chamber Upgrade

As stated earlier, the first task was to complete the
automation of the AFIT RCS measurement range. New software
was needed to control recently acquired microwave hardware.
The new hardware had certain new capabilities which the
controlling software exploited. A software package, called
ARMS (AFIT Radar Cross Section Measurement Software) was

generated which not only achieved the objectives defined at

the onset of the thesis, but was flexible enough to allow

for continual change and improvement. The measurement

procedure produces excellent results, as evidenced by the
izon with o

S5LL 0y cuimprisin o« acust.r2ments from the WRDC anechoic

chamber. As with any project involving software, however,

the number of possible improvements is seemingly endless.
Most of the recommenaations for izposving the MPMS cnde
involve features; that is, the ability to process and
display the data. For a pattern cut, a relatively easy
improvement would be to let the user select the start and
stop angles, and the resolution of the data. A convenient

(and legitimate) improvement would be to permanently store
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the background measurement in a tile which coul § b
at any time. Another 1lmprovement would ke to iiow Tiie
to set the start and stop times of the gate, as oppose i U

selecting a gate center and gate span.

Canopy/Cockpit Measurements

The second task was the investigation of the effect otf
metallic versus a transparent canopy on the tctal RCS or in
aircraft. The scattering from these extreme cancplios i
investigated by measuring a scaled version cof a realistiu
canopy which was removable from the target.

The scale model measurements revealed a small but
measurable difference in the RCS of the two configuration::.
The metallic canopy scattered less than a transparent
canopy, which was simulated by an exposed cocrkplt. In tie
context of the entire aircraft, the frequency responses ot
the aircraft models were close, as each may be higher or
lower depending on the frequency.

The secondary objective was to investigate the scattering
from just the canopy/cockpit, without the complications of

the scattering from the rest of the aircraft. As expectrd,

the difference in the kiS betwezan the two configurations was

demonstrated more clearly. There was a 10 to 20 dB change
between the CAN and COC configuration. Obviculzcy, the
difference in RCS of these two configurations on a tull-
scale version of this test canopy would still be 10 to U
dB.
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There is interest and value !n learning nore :tfout

ubject. While the results or the measurement porticn of

]

the _neslis effort may c¢r may not ke surprising, they Jdo
define the upper and lower bounds on the scattering, and
present the limitations and benefits of the various

approaches. Further work should investigate materials and

o8]

emphasize different levels 2f conductivity of the cancpy,
cpposed to the two extreme cases studied here. Other
sossibilities include determining the effect of different

canopy constructions on the RCS of the canopy.
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Appenralix Al Tlow Charts or Subrmunires

in ARMS Code

ARMS
MAIN PROGRAM

7 START
\“\_._——*/

Preset Commands

Sub Start
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N

Coub ctart

S

Frequency Regnonse

/,

g

INPUT Dated

+

Present

Main Menu

_

select |_Edt prograr

Sub Fr -

Pattern Cut

1
ﬁption J

I TETT
Process Stored Fle

Ll

SU.b -
Proc Cholce
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w)

Set Nwa

Instrument State

Instrument State ¢

881 points

<+

Reference(®)
Bkgdr(X) J= — 4

Target(x) — —

Collect
User Data
+
send data to
Nwa

¥

Sub Measure
( Sphere )

+

banduidth
gate span
sueep node

Sub Measure

b

(Sphere Background)

i

SenaraleN0
A9 Aarge blgd o

i ves

Sun Measure

) (target nlgnds

h 4

N ~T

Sub Measure
( Tarpst)
v
caleulate RCS
3

Sub Fr menu

)|

Bkgdt(x)

New Frequency
Response

SUBEND

back to
Main Menu

New Target
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w )
k______./

v
turn on
Averaging

¥

wait

Each frequency point is a A01 freq pOiIltS ¥

real/imaginary data pair. +
Data(x)=(891,2) Data()

w

turn off
Averaging

SUBEND

h 4

back to
Sub Fr
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,_'-P"/

<

+
Display

View Other Domain

Freq Dom

~

Display
L”Tirne Dom

Option

Display /Select

New Freq Resnornse

Save Data

New Targer

) 4

CaltgtZ, Fnin,
Frmax, and Pol

i

S.data(1665)

J'

-

Sub Store

Main Menu
|

Pre—Set Nwa
(Instr. State 8)

¥

(oman

. 4
back to
Sub Fr

|

+

Set Nua to Freq
Domain

v

I
_Turn en
Gate, Sweepn

v

/"'i'\

CTTTITETT -
{ \UEr' 0 :
- p

v
back o

Sub Fr
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~ Sub Store !

<

INPUT Nameb

Open BDAT file
NAMES

r

Data({1805)— NAME

\ s

_+

clogse file

Open EDAT file
name}

Date — name
Pregate — name

]

close file

SUBEND
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Collect
User Data

»

Set Nwa

frequency

gate span

Sub
Backpround _meas
+

Su
Ref_meas

$ .
Sub
Tgt_meas I Backeronnd meas
3

calculate RCS

Sub Show_crt

4.

New Pa‘ttem Cut ;

back to
Sub Start
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A SN

\Backgreund_meas .’

Agsign

Nwa

y

turn on
Averaging

+

wait

+

data

trace ™ Memory

L 4

turn

trace subtraction

on

w

turn off
Averaging

«

_—

_——-‘/

back to
Sub Pe
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Sub Ref meas

Assign Nwa

2
urn on
Averaging

h 4

wait

A 4

Data — Memory

h 4

) trace value
Sphamp = Ref-Sphbkgnd

‘ "
Sphamp

A 4

turn off
dveraging

r

SUBEND
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ASSIGN Nwa

w

Set Controller

v

velocity

step increment

for [=1 to 368

Pattern Cut loop

L -y| trace value = Pdata(l}

SUBEND == = it

"

A 4

back to
Sub Pe

+
|

y

ratate positioner

v
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4
!
\

\

S~

Sub Show_crm

v

3
1
]

B

on CRT

Display Pattern Cut

|

h 4

Present
Menu

Shift Jata

4
A

v

(—select

snift data
rght or left

[ option

] Jurap 1o Pronter

J

Save Data New Pattern
Cut
View(361)=Freq| NMain Menu
Uiew(362)=Pol ’
A 4 ‘W“-.\
sub Stare | (SUBHT
.--F"/

7
4

J

PRINTER I
“printer”

L 4

Srnt

C v L
acreern

+

PRINTER IS
1 N

ore
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INPUT Namef

Open BDAT Tils
NAMES

¥

Data( 382)— NAME

¥

close file

Open BDAT file
namef

Date - name
Pregate — name

close file J,

y

SUBEND
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2 Loee -
frragasamaesg s e cxilamy ~al
i I Choose data typel inks ¢

1 I

Input data file from di3;1

1

I Present data on 85184]

cpltions :

change domain

sperify gate

|lnput data file from disk]

1 d 1

l_ Present data on CRT ]

optiovons :
shift data

dump to printer

i

— plot plot rectangular —
new lata plot polar
exit L —— new data
- exit
— [ ]
options :
choose line type
draw grid
drawy data
exit
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Appendix B: ARMS Code

R : e
20 '
10 z
<+ i R Preanpie._.: 2.0 po.inti.ia.3..n
3 ~ag TIRAGE IL CNTERNAL L -
.;0 T v
70 CALL C.ear_ccts
20 JALL Start(oated)
30 SRINT "You are now dack in BASIC.”
‘00 4D
9 ;
123 'TEIS ZUBROUTINE 12 TRE MAIN MEHU FIR OCAFITRCSS
© 20 '
<40 .
"SC jagia
2d =
"0 i < Zate Cates
30 S:ar
*9g oA
200 =9
290 cR "
220 =S " <) - -requency response’
230 =3 v
240 -3 - <2 - “attern Jur”
250 °R "
260 =9 " X4 - “rocess/Plot storeo files”

N <7 - zack to BRSICY

1 _ABEL "Trea. [esponse” G070 C_fr

S LRBEL 7 Pattern CJut U 2070 Clsc
4KEY a4 JABEL U Plot / Proc U QT3 T

7 L4BEL "Bawr to BASIC U 55TO (_exat

! LGT0 Iale
3 GOT0 ia.e
SN OKEY S GOT0 iaie
N KEY € GOTO lale
3 G370 Idle
TNOKEY 9 GCT0 lcie

DISP "“lease nit the appropriate sort vey.
C.e
Fr KEY
friDates)
Star:
T MEY
=-«Dates)
ttars
FEOREY
Frmn _neoice
Ltart
. nCT oy ov
_ilear _rct

'T=I2 ZUBROUTINE I7 TmZ MAIN MENY IR TrRE FREJQUENCY

..8 “r(Date3)

2O whpa 7D 70E

S_310N sNwa sata - 7 BIFORMAT GFT
LTI pAcE
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=2 U7 engan RECABI-TINEOY

EX] TT5IR -reample.S.lf.iais o Do0inTs. e

- 4 Zvmgotsfi.l)  Skgrrtsl! Y . meverencetnQt 0 Targencel ., Cd.
LZx 3zmereeznt I la. _t3Ti(BOY D D catat TR

B - ol zezeresgt 2 o zatat (RGS) L Rererenc i 230, L

yoaud
EE SRV VI

-~
300 -SINT O R L
T4 Coto Tl e
S =N, e b oI

PR R L

i

ML OOOOOOO OIS OO

3

P D)
Do

“ND Friange<s AND Frange«r 3 TREN ST 5

1

Ze PUT "T.pe tne posariiation or tne rieig (5 oor /o0 lefault
".%0is3

130 2T Es P3O OAND PolIONT OTREN LT 100

RV I SatET eIk

(€9
w
[o=]
Y u Uk

)
LR e

¢

fgn

~ . .~ - . o - - e Ly
220 TUPUT (P€ Z7T Tor siep cueep. 3f 5 Tor rapp sweep ‘~amp . mrag. .

iz Jueep.<>"'C" AHD Sueep3<>”S" 3ND Sieep3(>U TREN 517D I

T Sweep$="S" TRHEN SueapyaUaTERT
T Sueep3~"R" IR Sueepi="" "HEN Sueep5-"RAMP™

370 CNPUT “"Znter tne averaging factor. Setween | ang 4036 Doz oterauit)”

Sver
-0 7 Aver«!l IR Aver2 4096 T GGTO ZED
3490 Treate=’
200 PUT Uahat time gate Go you want (ns)? (Jdefauit .3 ¢ mel . eqgre
UL ~re _gateSs=VALS{imeate’
“J2Y 17 F-ange=! THEN 1007
28 15 Frange=2 THIN TEC
oo

g
1

NGRS

0
'C" -
T Ta vOU "ave e:ecTed <




190 -sINT T Start rrequency - . ~in.” GHrplLT
$200 REINT Stop frequency 13 ".7max.” Skr.”
1210 FRINT ¢ slarization ¢ tLPals.” .
*220 PRINT “he osc:ii.ator :2 :n T,Cueep3,” noage.
230 CRINT “Ne Qate widITNh % Tmeqre,” ‘cec

240 RPRINT “me averag.ag 3 LAver. "

'230 SSINT T
1260 PRINT

oy PRINT ARE TRE CCRRECT ANTENNAS INSTALLEZDY™
1280 AnsS§=TRY
290 IPUT "To you want to chaage anytning?  (Eater Y. or Defauit .2 NO) .U .3ned
*300  IF AnsS=UVY O THIN (T2 570

310 !

220 Y ZEND TAE INPYT ODNFCRMATION TC TAE ap 3510
330

3[30 fod ol

250 ;RIN
*360 SUTPUT wNwa:"STAR" :Fmin,"GHz: <7
'270 CUTPUT aNwa: 'GATESPAN": Tmeqte; "™
©380 7 Sueep3="RAMPT TLIN
1390 ZUTPUT SNwa;"'RAMP:"

1400 £o3%

a1 JUTPUT sNwa: " STEP;"
420 ZhD T

t430 SUTPUT Nwai"CNTO:"
1440 WALT S

1450 !

1360 ! THE FOLLOWING LINES CALL THE HERDER AND MEASUREMENT SUBROUTINES. THE
70 DATA CTMES IN B0t REAL/IMAGINARY DATA PAIRS.

14 !

1480 MeasurerentS="fr"

1490 CALL Ref_ncr(PolS.MeasurementS)

Measure(Reference(=) Aver, sueeps)

ALL fefbxgna_ndr(PsiS.Measurement$)
Measure(Bradri=’ Rver,Sueeps)

1850 PEINT "

'560 Same: Zcxs="N"

‘870 PQINT ¢ Jo you want to measure a seperate target backqroung?”
or N: gefauit 13 no. " .5cug

Bek$="y" THEN
s_hgr
~re{Bkget(=) Aver.Sueepni)

F2CKGEREUNDS FROM

. < ca e =L -

ease wail while Th2 system (s nuader n:.".mcnx.’.g."
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FIR J=1 70 No_points
Target(l.Ir=TargettJ.)-3kgat(J 1)
Referencl(y.l)=ReferencetJ.l)-Bkgar(J, i)

HEAT U

NEXT I
1)

"THE FOLLOWING LINES CALCULATE (Target-8kgna)/(Reference-3kgna).
1]

F3R L= 70 No_points
Jen=referenci(L,i) 2+Rea - ~c¥(L,2)" 2
Cal_tgttlL.1)=(Target(_."~ cerencl(L.!)+Target(L.l)*Referenci(iL.2))/Den
Cal_tgt(L.2)=tTarget(L.. -~eterencl(l.?)-Target(L.1)~*Referenci(_.2))/Cen
NEXT L
]

'THE FOLLOWING LINES READ IN THE EXACT SOLUTION FOR THE 5 INCH SPHERE.
)

IF E_datat1)<>0 THEN 2070
ASSIGN aDt TG Dfs
ENTER #Dt:E_catat=)
ASSIGN &Dt T0 =
FIR (=1 70 No_points
Ex_sphere(i,1)=E_cata(D
Zx_sphere(I,2)=E_datatI+No_points)
NEXT 1
L}

QTHE NEXT LINES CALCULATE (exact_spherewsub_fields)
L4

FOR k=1 T0 No_points
Cal_tgt2(X.1)=Cal_tgt(K.1)+Ex_spneretK.1)-Cal_tgt(K.2)=Ex_spnere(K.2)
Cal_tgt2(K,2)=Cal_tgt(K.)=tx_sphere(k.2)+Cal_tgt(K.2)=Ex_scnere(K.1)

MEXT K

1]

TCIND ANSWER T THE wP 2510, ~C-(Target-Bkgdt)/(Reference-2kacr)
.

QUTPUT aNwa:"FORM3:JUTPDATA™
ENTER ®Nwa_gata:Preamble.Si1ze.Bkotr(=)
QUTPUT wNwa: " AVEROFF :GATEOFF™

JUTPUT eNwa:"HOLD:"
JUTPUT &Nwa: " FORMI: INPURAW®"
— JUTPUT sNwa_cata:Preampie.Si1ze.Cal_tgt2(=)
CaLl Jr_menuFmin.7nax.”al.Cai_tgtd¢+) DateS.Pre_gateS.Return)
T Zeturn=i THLh I ohe
SeturnTr g )

Choe Caear_cre

80TH THE FREQUENCY RESPONSE AND PATTERMN
MEASUREMENTS.

SE Lt taDn
_ e sphere measurement is compjiete.’’
wes reasv t5 measure the sphere Hackcrouna.
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2380 SRINT & Put out the spnhere backgroung.'
2390 PRINT ¢
2400 PRINT Are the antennas alignea for “,7313." zoliar:ization?”
2410 PRINT 7
2420 PRINT ¢
2430 4D I
2440 FRINT ¢ =1t CCNTINUE wnen you are reaay.”
2450 PAUSE
2460 CALL Clear_cr:
2470 PRINT "~
2480 PRINT
2490 PRINT " CHARS(130) i "Measuring "TiTHRS(1.23):"the spnere ra
ckgrounc.’”
ég?g SUBEND
2520 ! HIS SUBROUTINE PERFJRMS ALL THE FREGUENCY RESPONSE MEASUREMENTS. THE
SET-UP OF THE CHAMBER IS PASSED VIA THE ARRAY CALLED ‘Jatat+=)
2530 !
2540 SUB Measure(Data(=) .Aver.Sueep3)
2550 OPTION BASE 1
2560 INTEGER Preample.Size
2570 ASSIGN &Nwa 10 716
2580 ASSIGN #Nwa_data T0 716:FORMAT OFF
2590 QUTPUT #Nwa: 'AVERON:".Gver
2600 IF Sweeps="RAMP" THEN QUTPUT &Nwa: 'NUMG:" ,Aver+1
2610 QUTPUT @Nwa:'FORM3:0UTPDATA™
2620 ENTER #Nwa_data:Preampie.Si1ze.Data(=)
2630 QUTPUT &Nwa:"AVEROFF;"
2640 CALL Clear_crt
2650 SUBEND
2660 !
2670 ' THIS SUBROUTINE IS A HEADER FOR THE FREQUENCY RESPONSE TRRGET
2680 MEASUREMENT .
]

2690 SULE Target_har(Bck3)
2700 CHLL Clear_c:o¢

2710
2720 PRINT

2730 PRINT "¢

2740 PRINT *

2750 PRINT ¢

2760 PAUSE

2770 CALL Clear_cr:
2780 PRINT v

2790 PEINT v

2300 ==InT v

815 L.
~o9A *
AN

2220+ T-13
ce4an
2350 fi?";::%:ﬂc ss

365

IF Bck$="N" TR Beksa""

“HEN GJT0 2740
The target background measurement 1s compiete.’

5et readv to measure the target.”
Press CONTINUE unen reaay.”

"L CHRS(130) :"Measuring TiCHRS(128) 7
FREQUENCY RESFONSE AMD PATTESRN
-yt LIaINeE ynen toe target oackground i< set.’

TLCSR3CTCNy ("Measuring TiCHRS(128) i "the tarss
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2930 ' "HIS SUBROUTINE IS A MENU PRESENTEZD AFTEXR THE FREQUENCY RESPONSE 1S
COMPLETE.

2940

2950 GUB Fr_menutfmain.rnax.”ol.Cai_tgtl2(=~) . Date3.Pre_gateS.Return)

2960 JPTION BASC

2970 ASSIGN aMwa 13 76

2980 AaSSIGh ®Nwa_agata TC 7i16:FURMAT C°F

2990 OIM S_cata(isdS)

3000 CALL Clear_cr:

3010 Dm=1

3029 Menu: FRINT "Pleage select an oortion from the menu.'

2060 °RINT ™ <0 - /iew tne otner comain.'

3070 PRINT -

3080 2fINT ¢ K2 - Store the freauency response data.''
3080 PRINT ¢

3100 PRINT ™ <4 - Continue rrequency response with a new target.”
3110 PRINT 7

3120 PRINT X6 - Compietely new frequency response.”
3130 PRINT &

3140 PRINT * K38 - Back to the main menu.”

3150 PRINT "¢

3160 PRINT "

3170 ON KEY 0 LABEL "Toggle Domain™ GOTO C_td

3180 ON KEY 2 LABEL "Store Data" GJTD C_store

3190 ON KEY 4 LABEL "New Target " GOTO C_same

3200 ON KEY 6 LABEL "New Frea Resp”™ GOTO C_new

3210 ON KEY 8 LABEL ““ain Menu” GOTO C_strt

3220 0N KEY 1 GOTO Again

3230 0N KEY Z GOT0 Again

3240 ©CH KEY £ GOTG Again

3250 24 XEY 7 6QOT0 Again

3260 ON KEY S GOTH Agaln

3270 P3ain:DISP "Please nit tne appropriate soft key.'
3280 G370 Agarin

3290 C_-ag: OFF KEY

3300 Dr=-iedm

2310 T Dm=1 THEN QUTPYT WNywa: FREG:"

3320 I Dm=-1 THEN GQUTPUT dNwa:"7IMB:LOGM:"

3330 CALL Clear_cr:

3340 CGI70 Menu

R

SEM GOTD C_ztore
TEEN 0VTSTT fnGa:tTRIn,
T oshwa: "CONTGATZON: ™
N
1.0




3530 <_. Store(S_datat¢<),Date3.Pre_gate3)
3540 (3L Ciear_cr:

3550 53730 Menu

3560 C_new: OFF KZVY

3570 Seturn=!

3580 (ALl Clear_czrot

3590 ALl Check (Chk3)

3600 IF Chk$="Y" THEN G370 C <tore

3610 iF Dm=-t THEN JUTPUT #Nwa. FREJ:"
3629 QUTPUT &Nwa: "CONT:GATEON:™

3630 WAIT S

3640 SUBEXIT

3650 C_strt: OFF KEY

3660 r~eturn=¢

2670 CALL Clear_crt

3680 CALL Check (Chk$)

3690 IF ChkS="Y" THEN GOTO C_store

3700 OQUTPUT &Nwa: 'RECAE:"

3710 SUBEND

3720 !

3;3% v TYIS SUBROUTINE STORES A FREQUENCY SWEEP FILE.
374 !

3750 SUB Store(S_data(»).Date$.Pre_gate$)
3760 GPTION BAST !
3770 CALL C‘ear _ert

3780 PRINT

37906 PRINT "*

3800 PRINT ™

3810 PRINT "

3820 PRINT insert storage disk 1nto the r:ght-hand aisk drive.’

3830 PRINT "¢

3840 PRINT “ Pregss " ;CHRS(129):"CONTINUE™ :CHRSC123):" shen yo

u are reaay.”

3850 Peust

3860 CALL Clear _cr:

3870 Name:”RINT “The file name must nave at least one UPPER JASE jetter.”
3880 PRINT ™"

3890 IlPUT " Enter the file name for the current set of data.”.Dt_filelS
3900 Fiie_nameiS=LHCS(Dt_f:lel$)

3910 Disk: CREATE B8DAT Dt_filels,t,.123G4

2920 ASSIGN &Dt_filet 7C Dt_fiieis
293¢ QUTPUT #Dt_filel:S_data(=)
3340 ASSIGN &Dt_fiiet TC =
3950 CREATE BDAT File_nanmel$.2.30
3960 ASSIGN &Fi1le_namei 7O Fiie_nameiS
3370 QUTPUT #F:le_namei.i:lateS
Z980 QUTPUT &F1le_nane: .l i re_zated
2290 ASSIGN &Ft1ie_name 10 =
4Q0C SJUBEND
4010
4020 ' TEIS SYUBROUTINE I7 7= MAIN MEMJ 773 TEE FQTTLRN CUT.
030 !
I}LIO (“vD D,:r\a.es)
4h5h  TETIIL BASE
a0bQ DIM A¢Z) . Pcbkgattli6s Feotlott370)
4070 TIM view(3ES) Viewltl
4uB0  ALSIGH wNwa 73 7!6
4090 AZSIGh eNwa_datal TU 76 :F
4100 DITEGER Preamoie.Siiz.3
4110 New: lALL Ciear_crt
4120 FRINT "At present. oniy he icu Sedree odtieon 1€ active.
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4130
4149
4150
4160
417¢
4180
4190
4200

"Input the parameters for :ne pattern cut.’
e

UV PR SRR L]

T
T Operating frequency’ (3etween 2 and !8 GH2)".Trea
req<2 Ok Freq>18 THEN GUT0 4180
Clear_crt
'\PUT “+hat gate do you want (ns)? (Defauit :s 7 ns)”. nmegrte
I7 Tmegte=0 THEN Tmegte=7
Sre_gate3=VALS(Tmegte)
Polg="" )
INPUT & Polarizat:on? (Enter Y or H: Defauit 1s horitzontal)".PolS
ST PolS<>" AND PolS<>"H" AND Pol$<>"V*™ THEN GOTQ 4230
T Pols="H" OR PolS="" THEN
Pole="HORIZONTAL"
Pol=0
ELSE
PolS="YERTICAL"
Pol=l
ND IF
CALL Clear_crt
Sceea=y .
PRINT 4hat 1s the rotation speea ot the target”
PEINT (Defauit 13 1.5)"
PEINT ="
FRINT SLOWEST FASTEST"
PRINT * T e >
PRINT " 1.5 g.1-
INPUT Speed
IF Speea=0 THEN Speea=t
IF Sepeed<.1 (OR Speea’il. S THEN GOTO 4400
CALL Clear_crt

ST IRRENER F I YT

¢

1
r
r-

Anclei=0

Angle2=360

Resolution=1i

YTMPUT Starting aspect angle?".Anglel

CALL Clear_crt

tINPUT Ending aspect angle?” . Angle2

CALL Clear_crt

PINPUT & Angular resolution? (Default :s | degree)”,Resolution

I7 Resoition=U THEN Resociution=:
CALL Clear_crt
FRINT "You have input the following parameters.

PRINT "

PRINT "

PRINT ** Jperating frequency ..... ".Frea.“CHz "

PRINT ¢ Gate wici™ ... LT

PRINT Poldarizatioh ... R .

SRINT Startina azpect andle ...".Hnrlev.':egrees."

SIINT T INQINQ azfect and.€ ..... " LFrg.el,'zzgrees.”

SRINT Angular rezoiution ..... ”.Resoxutxon.“cegree.”
ESINT ¢ Taraget rotatyian rate .... .lzeen

SEINT T

EETINT v

bnieen

FUT "Jo you want t: cnance anytn: ng? (Znzer Y or i Jefaust is no) " Anei
ITOARSS T AND Anc ey LED Rzl TaIn GLTD 45TC

IT oAneS=UY THEN GoT3 4t

L

1TeE FOLLOWING LINES TEND TRI INPYT INFIRMATIZH 7O TRE <P 9S00,

JUTPUT eNwa: ''MOoRK1:Trea: "=y
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4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4830
4300
4910
4320
4930
43840
4950
4360
4870

3230

<

(S YU IFTRVIRV IV
WL wtup
B W) ~-

QUTPUT ®Nwa: 'GATESPAN": megte: 'ns:"
QUTPUT #Nwa:"CM70:"
No_aegs=AngleZ2-Anglel
Mo_incrmts=No_aegs/Resciut:on
PRINT ™ PLERSE WAIT™

'THE NEXT SECTION CALLS ThE HEADER AND MEASUREMENT SUBROUTINES.
A}

MeasurementS="PC"

CALL Refbkgnd_hdr(PolS . .HMeasurement$)
RepS=""

CALL Bacxground_mcas(Rep$)

CALL Ref_har(PolS.,Measurement$)

CALL Ref_meas(Sphamp)

)

'aSK IF THERE IS A DIFFERENT TARGET 3ACKGROUND
4

PRINT Jo you neeg a separate target backgrouna?"
PRINT "™

Reps=""""

INPUT "Enter Y or N (Defauit 1s no)." .Rep$
IF Rep$="N" OR Rep$="" THEN GGTO 5010

IF RepS<>"Y"™ THEN GOTO 4950

CALL Clear_crt

CALL Tgtbkgnd_hdr

CALL Background_meas(Rep$S)

CALL Tgt_hdr

CALL Tgt_meas(Pdata(=),No_incrmts,Speed)

®

THE FOLLOWING LINES CALCULATE THE RCS OF THE TARGET.

1)

' Plot_dt(d) ..., RCS of the target (gBsm) /
tRES tii i exact RCS of the 5 inch sonere (dRsm)

' Pcata(d) ........ target - target backgrouna (dBsm)

' Sphamp .. ..., reterence target - reterence target backgrounc (dBsm)
L]

Diam=5

Res=10=LGT(PI«(Diam=.0254/2)2)

FOR J=1 TG 360
Plot_at(J)=Rcs+Pdataly)-Sphamp
NEXT J

1

i THIS SUBROUTINE DISFLAYS THE PATTERN CUT OM THE CRT.

CALL Show_crt(frec.”ol late3,Preo_gate5.Chrice.Flat_st(1)
I Choige=i THIN GO0 lLiew

CALL Ciear_cre

SUSEND

~IS SUBROUTINE T_Iif¢ "-F (=7,

UE Clear_crt

HTONT Tt e
ZUSEND
.
! 7RIS SUBROUTINE FPERFCORMS TRZ F477C3N LT TwRGET HECASURIMENT.
1)
CiB _Tqr_meastPdatat~) .'io_incrarts..czeq)
Q5T10R East 1 - ' N

ASSIGN ®Nwa 10 7 &
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535¢
536)
5370
5380
5390
5400
5410
5420

ASSIGN #Nwa _catal TO 716:FORMAT CFF
QUTPUT 709 USING "K":"Vaa 0"
QUTPUT 709 USING "K™:"541.0"
JUTPUT 739 USING “K™;"C40.0"
PIINT "iCHRSC130) ;"MEASURING™ :CHRSC128) " the target
TTR I=t TO 260

QUTPUT #Nwa:"QUTPMARK:"

ENTER WNwairdata([).3

QUTPUT 709 USTHG “K™:"14"
HRIT Speea
NIXT I
-3kl Clear crt

Pty
(R

SUBEND

1]

' THIS SUBROUTINE IS A HEADER FOR THE PATTERN CUT TARGET “EASUREMENT,

SUB Tgt_ndr

CALL Clear_cre

PRINT " Get ready to measure tnme target."
PRINT "

FRINT Has the controller bHeen assiqreac ro the P BS107?"
SRINT ¢ (Enter 'GUIT ' on the nancheic)”
PRINT ¢

PRINT "

PRINT

PRINT » Hi1t CONTINUE when the target is in place.”
PAUSE

CALL Clear_crt

SUBEND

1)

! THIS SUBROUTINE PERFORMS THE PATTERN CUT REFERENCE AHMD TARGET BACKGROUMNT
MEASUREMENTS.

SUB Background_meas(RepS)
ASSIGN é&Nwa T0 716
QUTPUT eNwa;"DISPDATA;AVERONR2:"

JUTPUT @Nwa:"DATI:MINU:DISPMATH :AVERGFF "

é’%IS SUBROUTINE PERFORMS THE PATTERN CUT REFZRENCE TARGET MEASUREMENT.

SUB Ref_meas(Sehamo)

ASSIGN &hwa 10 716

SPTION BASE !
JUTPUT #Nya: "AVERDNL. "

~ATT R
SUTPUT #Nwa: "CUTPMARK :AUERLCT .
ENTER #hwa:Spnamp.§

Ciear_rez

S ZEND
' T=IS SUBROUTINE I5 & READZF 7OF BOTA TrE FIZGLENCY AZSPONSE AND PATTERM
20T REFERENCE TARGET Mooguczmen-e. PrEBLENLY RESPONSE '

SUE ng_hdr(Pols.Heasurenen:5)
CA.L Ciear_cr:
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5180
5190
5200
6210
6220
6230
5240
6250
5260
6270
6280
6290
2300
5310
5320
5330
n340
6350
5360

Y
)
4
)

EGTLTI NN
OWww~
QOoOoC

s B oo

T Measurement$="PC" THEN G073 3270
SRINT 4re tne antennas aiignead fcr”,Pol%.” mpolarization?”
FRINT "7
PRINT "
FRINT Put out the reference target.’
PRINT A1t CONTINUZ wnen you are reaagy.’
Faysc
CALL Cliear _cr:
PRINT " CHR$(130) ;"Measuring ";CHRS(125):" the sp

" SUBEND

' "4IS SUBROUTINE STIRES A PATTERN CUT FILE.
1]

CUB Stre(DateS.Pre_gated.View(=))

OPTION BASE 1

CALL Clear_cr:
LTS

FRINT _nsert storage aisk 1nto the rignt-nanag d:zk crive.'’

FRINT ™ Press "HCHRS(129)  MCONTINUE™ : ZHRS(122) anen yc

CAL. Clear_crt
Ngg?:FRINT “The file name must have at least one UPPER CASE letter.”
NT "
INPUT * EZnter tne file name for the current set of data. .D*t_¥:iel3
File_name28=LWCS(Dt_f:!le2%)
Disk: CREATE BDAT Dt_f11e2%.1.2360
ASSIGN &Dt_fiie2 70 Dt_fiie2S
QUTPUT aDt_filed:Yiew(=)
ASSIGN 4Dt _file2 73 -
CREATE 30AT File_nanelS.2.C20
ARSSIGN wri1ie_namelZ 10 File_namel2s
QUTPUT 9F1le_name2.!:Dates
QUTPUT @F:le_name2.2:Pre_gate$

ASSIGN #F:le_name 70 =
CALL Clear_cr:
SUBEND
1]

! THIS SUBROUTINE MAKES SURE THE USER HAS REMEMBERED 73 SAVE THE DATA.
t
SUB Qhﬁgr(f&ks)

SR INT

" ynu haven .

Tefaurt 1z onodtLOnd
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SINIT
S_CTTER IS 3.7 INTERNAL”
*min*View(i)
"aax=rmin
~3R I=1 10 361
IF View(D)<Ymin THEN Tmin=View(])
IF View(I)>Ymax TAEN Ymax=vView(I)
HEXT I
Ymax=Ymax+10
‘max=FROUND(Ymax. 1)
Tmin=Ymin-iQ
Ya1n=PROUND(Ymin. 1)
Range-Ymax-men
SRAPHICS O

TR I=-.3 70 .2 STEP .!
MOVE 706+1.300
LABEL "L"4 OBSERVABLES"
NEXT I
ZORG 1
CSIZE 4
MOVE 0.62
Label$="RCS"
FOR I=1 70 3
LABEL Labels(I.I}
NEXT T
MOVE 56.15
_ABEL "ASPECT ANGLE"
VIEWPORT 15,125.30.90C
TRAMC
~INDOW 0.260.Ym1n, Ynax
ﬂXES S.h,u.Yan.S
>SIZE 3
_0RG 6
CLIP OFF
“0R I=0 7O 360 STEP 45
bl VE I ’mxn 1

LAB
NEXT I
_ORG 8
“OR I=Ymin 7O Ymax STEP 10
ﬂUVE -0l
_ABEL
HEXT 1
SIR I=d T3¢9
PLO0T T.viewtis)
EXT T
S KEY 0 LABEL USHIFT DATA™ GOTO Shifs-
2 KEEY T 53T0 lele
THoEv 2 D061 TRATope tug pev Ao ...
JOKEY 25570 Icle -
KEY s _ABEL 'Ed PC™ G370 C_ray
I KEY S LABEL "DUMP TC PRNTR™ GoT¢ Dawre
o ¥EY € (070 Iale
T KEY 7 GOT0 T-ie
o 1EY 3 GOTO Icle
Q

“ABEL "MAIN MENU™ GOTO @ _=-:-
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7350
7360
7370
7380
7390
7400
74610
7420
7430
7440
7450
7460
7470
7480
7490
7500
7’510
7520
7530
7540
7550
7560
7570
7580
':Ol)
"h4u0
7610
7520
7E30
T64n
7250

‘4 KBD G373 nottom

Izie: :ISP CHES(131) ;" CHRS(1283) ;" TIMES(TIMEDATE)

~AIT

073 Idie

RRPH CS OFF
cALL Ciear_crt
CIM Viewi(361) . Plot_at(365)

INPUT “How many cegrees should the da*a ve snifted? (- <

7 Snf:<-360 OR Shit>360 THEN GOTO 7_. .
1T Shit>0 THEN
Shft=360-Shft

Z o

Shft=Shfte(-1)

IND IF

“IR 1=! TO 360-Shft
View2(I)=View(i+Shft?
NEXT I

F0R I2=1 TO Shft
View2(360-Shft+I2)=View(I2)
NEXT I2

“7R I3=1 70 360
Plot_at(I3)=viewz (I
View(I3)=V1ew2(1D)
NEXT I3

5370 Start

C_stre: OFF KEY

CALL Clear_crt
GRAPHICS OFF
Srew(36Y)=Freq
View(362)=Pol
CALL Stre(Dates5.Pre_gateS.View(=))
CALL Clear_crt
G3TO Start

C_new: ©OFF KEY

GRAPHICS OFF

CALL Clear_crt

Choice=i

CALL Check(Chk$)

IF Chk3="Y" THEN GOTO C_stre
SUBEXIT

:-t: SRAPHICS OFF

calL Clear_crt
Loice=y)

ﬂgL Check (Chk$)

_— Ches="Y" THEN GOTO0 C_ztre
SUBEXIT

30::cn:uF$P“ICS oFE

U

C.ear_crT

3 Prec_cnoilce
af1tIen Ov jana J. Zerqey, ifay 1953
For o

Lce: RINT
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-, -

7730

7740 24T

7750 =T v WHAT TYPE JF =71 T 33 YOU WISH 7D PROCESS
7760 RTINT FREQUENCY/TIME DATA LR PaT7ERN D&1A™
2770 T4 KEY 9 LABEL "FREQ/TIN" GATO Freatin

7780 It KEY ' GOT0 Icie

7790 n KEY 2 LABEL "CATTERN™ GOT0O Pattern

7800 21 KEY 3 G370 Iaie

7810 2 KEY 4 GOTQ Idle

7820 31 KEY S GOTO Iale

7330 71 KEY 6 G3T0 Idle

7840 Cn KEY 7 GOTO0 Idle

7850 7N KEY 3 G370 Idle

7860 ON KEY 2 LABEL "IXIT" 5370 Ex:t

7370 Ic.e: DISP ™ PRESS APPROPRIATE SJFT EY"

7880 70 Icie

7390 Freatim: IALL Cir _ser

7800 RRINT T ?lease "ITHRSCI130):"yart”:CHRSCIZS) " .nile tne syste
m 1S De(ng Ccontigured.’

7210 TFF KEY

7920 3Ll Procpiot

7930 573 Choice

7940 F FPicrern: CALL Clr_scr

7850 77 7Y

7960 CALL . at_procpliot
7370 G070 Choice

7987 Zxt: CALL Clr_scr
79¢ JFF KEY

80 SUBEND
80 v !
8020 !

8030 SUB Procepiot
S040 ' dr:tten oy Dana J. Sergey. 4ay 1989
3050 QPTION BASE
3060 SS5SIGN Nwa G 716
8070 ASSIGN @Nwa_gata T0 716:FORMAT OFF
3080 DIM Trace_oata(801.2).Plot ct(80!) Data(801.2»
8090 OUTPUT eNwa; "RECA8:PGINBO1 :
8100 WAIT 11
5110 CALL Ciear_cr:
3120 Input: CALL Input(Trace_aata(=).DateS.File_name$.Fr!.fr2.Polarity.Pre_gare:

~'°0 CALL Present_cata(Fr! . Fr2, lrace _data(=))
%540 QUTPUT wNwa: GATECENT 0:ENTQ:"

9150 Jn'l

R1GG ates-":
79 (HLL C.ear_crz

,‘30 Menu: 2RINT

a1eQ0  f3INT

S A ae S e
2200 ETINT A Al el LR L T L D A Y T T Do RS,

resscnes’

"YU ARE MOW VIEWING THE FREGUENCY DCHAI.

N™ A0TC Demain
G370 hew_aeta
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2303 SRINT THCHRSCTZ2S) D UYTU ARE NOW VIEWING 7

23

2310 INOKEY 1 _ABEL UTREqQ. IOMAINT 5370 Domain

3320 N OKEY S _ABEL "CRECITY GATL” 5070 Cate

3320 =MD IF

3340 R2INT

3350 GRINT

3360 7 Gate=T1 THEN PRINT ° *LCHRSC1Z29) "R TIME GA
THE DATAY:CHARS(12S)

3370 M KEY I _3BEL ¢ 207" 2070 Plot

8380 I KEY I G370 Ic.e

3390 i KEY 2 CaBgL ¢ IITT 40T Exat

3400 O KEY 5070 Icle

3410 N KEY 4 5070 Idie

8420 ON KEY 5 GOTD Iz.e

3430 TN KEY 7 5070 Iclie

3440 0N KEY S G310 Icie

3450 Idle: DISP "ENTER AFPPROPRIATE SOFT xEY.™

3460 GoT0 Icie

3470 Donain: _m=-teDm

3480 15 Dm=1 THEN

3490 JUTPUT ¥Nwa:"FREQ:™

3503 E£.3Z

3510 JUTPUT sNwa: 'TIMB:LOGM:"

8520 WRIT 2

8530 END IF

8540 CALL Clp «e--

8550 GJTO Mentw

8560 New_cata: _...oL C.r_scr

3570 0OFF KEY

3580 JUTPUT #Nwa: FREQ:CINT:GATEOFF:"

8590 G370 Input

3600 Ex:t: CALL Cl-_ser

3610 OFF «KEY

3620 TUTPUT dMyg: TRECARZ SO INE

3630 SUBEXIT

3640 Gate: TALL Cir_scr

8650 ON KEY S LABEL "ACTIVATE GATt™" GGT0 Cnoff

3660 M KEY 7 LABEL ** CENTER™ 5070 Center

8670 ON KEY 9 LABEL ° SPAN 3570 Sean

3680 Y KEY 9 6OTO Idle2

5690 0N KEY 1 G3TO Idle2

3700 CN KEY 2 GOT0 Idle2

2710 ON KEY 3 5370 Idlel

3720 ON KEY 4 GOTQ Taiel

2730 0 KEY & GOTO idiez

3740 34 KEY 8 60TO Idle2

3750 Iclel: TISP "CNTER ARPEODLILTT TTIT TV
2760 770 laies

2770 Crneff:  ZALL Cir_scr

2780 sate=-‘eihate

€790 7 Gate=' THEN QUTPUT =’..a:’™

e0h T Sates=-i T=EN GUTRLT g

36550 HLT0 Meng

2320 Centar: AL Cl- _<cr

5830¢ I Dm=t THEN QUTPUT wnua: " 1M LI0M

2840 DOnm=-1i

38350 17 Gate=! THEN QUTPUT i IATEDFF
2360 tates-’

2870 uTRAT Shya; GATECENT:

3880 L3CA. 7°'¢
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8890 =IINT
8300 ~-=!I
3910 °<I
8920 °]I

8930 ~“aysz

3340 U7

8950 GOT

PUT aNwa: ZHTC:"
0 Gate

8960 Span: <CALL {l-_secr

33970 -
3980 Cn-
8980 -
9000 Ja:x
2010 JuT

Dm=1 THEN QOTPUT wNwa:“ TIMB:LOGM:"
-1
Gate=1 "mEN QUTPUT ®Nwa: T
e=-"
PUT ENua:”GATESPQN:“

k

3020 L_JCAL 7

3030 *"=I
9040 ©PSI
2050 PRI
3060 PRI

NT
NT
NT
NT USE KNOB ON 8510 "7 3ET SATE 3F

3070 PAUSE

2080 U7
3090 GoT
9100 Plot
3110
€128):
9127 OF
3130 AS

PUT ®Nwa:"ENTO:™

C Gate

¢ CALL Cir_scr
PRINT *

F KEY
SIGN “Nwa_cata2 70 716:FOFRMAT CN

9140 QUTPUT &Nwa: 'FORMA;QUTPFORM:"
9150 INTER #Nuwa_cata2:Data(=»
3160 FOR I=' 70 801

3170 Plot_dt(I)=Datacl.!)

3180 MNEXT 1

3190 .7 Gate=! THEN

3200 QUTPUT #Nwa:"GATECENT:0QUTPACTI:"
Q210 ZNTEZR #Nwa_datal:Gate cent

2220 CUTPUT &Nwa:"GATESPAN:CUTPACTI ™
3230 “NTER aNwa_datal:Gate_span

3240 QUTPUT #Nwa:" ENTO:™

39250 tisE

3260 Gate_sran={

2270 =D IF

2280 sate_cent=tate_cent=i0 9

3290 sate_span=tate_span~10-2

9200 7 Trs2 THEN BandwidthS="2-'3 GHz"
2310 17 Fries THEN BanduigtnS="h-": ‘
2320 T =-7=% THEN SancuigtnaS="3Z-T7

9330 Plotmenu: 5. l.r_scr

%340 R

<350 Tl=%

LTV R LIt_zIri3
Q370 CHorZv T I Flnt_zata
280 T o<1V oD exyt
%390 oy on -

=400 z T oC.n_tye
2 N S ool

9420 T I

“430 0 LIt L

G44y i - IS

9450 G-

a6 Ic,. ) A
3470 6 -

2480 L.+ oo LRLL Lir_zcr
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9?90 " LINE TYPE DESCRIPTION"

3500 v

3510 " ) - Solid line”

9529 .

2530 " - Short dashea iine’
2540 .

3550 " 2 to b - ~rogressively .cnqer -asnec’
39560 0 LABEL "I GOTC Cero

2570 ! LABEL *“ GOTO Crne

39580 2 LABEL G070 Two

2590 “ LABEL "3 G370 Three

3600 4 LABEL 2" GOTO Four

38610 S LABEL US™ G370 Fave

3620 5 LABEL “£™ GOT0 Six

9630 7 GOTO Lictle

3640 8 GOTO Licle

2650 Q9 "010 Licle

3660 Ligie: DISP "SELECT LINE TYpPZ™

3670 G370 Liale

9680 Zero: Lin_typ=0

26390 GCTO Plotmenu

9700 One: Lin_typ=1

9710 GOTO Plotmenu

3720 Two: Lin_typ=2

3730 GOTO Plgotmenu

9740 Three: Lin_typ=3

9750 GOTO Plotmenu

9760 Four: L:n_typ=4

9770 G370 Piotmenu

3780 Five: Lin_typ=5

9790 G170 Plotmenu

9800 Six: Lin_typ=6

9810 GOTO Plotmenu

9820 P.ot_gria: CALL Clr_scr

9830 OFF KEY

3840 CALL Scale_cn{(Ymax,rmin.Plot_agt(=))

9850 cCalL Cir_scr

3860 IF Dm=t THEN CALL Draw_ol(Ymax.Ymin.Fr!,Fr2.Dm.Nun_traces)
9870 IF Dm=-1 THEN CALL Draw pl{Ymax.Ymin.71.72,Dm.Num_traces?
2880 5070 Plotmenu

9890 Pleot_cgata: CALL Clr_scr

3300 PRINT Please ":CHRS(130):"wart (CHRS(12S):" .niie tne =2z
T3 1s pligrtec.”

2910 JOFF KEY

2920 CALL Zraw_cata(Plot_gt(=).Ymax.'min.f1le_names.Bancwiscind.” .iy.rre_:ze&
¢%.Gate_cent.Gate_span.DateS.Num_traces.Lin_typ)

2830 . u ¢ar_cr:

33940 ®lotmenu

CAll Clr_scr

2oufh 3LE Itputtirace_catate) . Jate3.7..e_nameS.rri Frl.7 iarriy.- s zated)
2010 ! »ritten by Dana o. Bergey. May =2€%
‘n9z¢ PTIN SRSE
5003 ZI¥ Datatig0S)
C.ear_c -t

TreETHT v

INT

NTo insert Gi1sC CONtaINING gata f... .~%3 r..n" ard G.%Ze
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: .:Nr. “ Press ":THRS(131):"CONTINUE™:CHRS(129):

thDP GCTL grrl

~re

‘0130 ¢PUT "To you wish *o see listing of disk (Y or M)? Defaulit 1s MO.“._.:
stS

10140 1T oLiistS=UYY THEN

10150 IAT

10160 ‘N KBD 53070 AG&ln

01790 JISP ChRsO :"Press space bar uhen ready. ' :THRS(123)

10180 L.s0p:ugiC _.o0D

0130 Z-SE

0200 2370 Again

10210 tup 17

*0220 Again:CALL C.ear cr:

10230 IF= KBD

10240 2TF ERROR

"0250 Name:iINPUT "Inter tne f1ile name of the storea file.”,fiie_names
10260 N ERROR GOTO Errt

10270 2270 Inbound

10280 Err::PRINT ERRMS

10290 5370 Name

10300 Inbounc:PRINT " Please™ ;CHRS(130):" watt":CHRS(128):" while your
fi1le 1s being iocadea and processed.”
10310 2SSIGN #F1lei 70 File_name$
10320 cNTER 8F1lel:Datat=

10330 ASSIGN ¥Filel TQO =

10340 FOR I.t 10 80!

10350 “race_cata(i.!)=Data(])
10360 “race_aatatl.2)=Data(I+§0%)
10370 EXT I

1038C Friafata(1€02)

10390 T-2=Datac1604)

10400 Pclarity=Data(1sd%)

10410 Jate_fi1ile3=LWCS(File_name$)
10420 ASSIGN &F1lez TQ Date_fileS
10430 ZNTER #F:lel,i:Dates

10440 INTER #F1jez.2:Pre_gate$S
10450 ASSIGN #Fi1ie2 TC =

10460 SUBEXIT

10470 Err2:CALL Clear_cr:

10480 olsp ERRMS

regent_cazatfr’

55606 irten ov CETE ..
25790 : TIOMN 2e3¢

10560 NTEGER Freamc.z.oiis
13530 S JumeEg L

2SIGH ~Nua zata TaoTtE

TOYT Az TOOMY LT
ZUTER #Nwa ra'J ~raan-_;.;.‘
10640 neiT 2

10600 L‘scmu Shua To T
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10650 CJTPUT 3Nwa;"STAR":F:!,"GHz

10600 ~RIT 2

10670 CUTPUT eNwa:“"STOP":F:-2:"GH:

10680 wAIT G

10690 _me=1

*3700 CUTPYT wNwa:"'HOLD:GATECFF ™

10710 SUTPUT <Nwa ;" "FORM3: INPURAKI"

10720 JUTPUT ®Nwa_cata:Preamole,Siie.irac. . L)

10730 SUBEND

10740 !

10750 !

10760 ZUB Scaie_cn(Ymax.fmin.Plot_atte))

10770 ' HWritten by Dana J. Bergey. May 1228

10780 'CPTICN BASE !

:0790 ‘min=Plot_dt(1) INITIALIZE

~ 0800 “max=Ym:n

10810 SOR J=1 T3 80!

*0820 IF Plot_dt(J)<Ymin inEN Ymin=Fiot_at(J)

10830 IF Plot_at(J)>Ymax THEN Ymax=Fict_a:(J)

10840 NEXT J

10850 Call Clear _crt

10860 SRINT ™ .

10870 SRINT . SCALING CrOICEZS

10880 JINT -

0890 JINT PR T YR - A Y T YT T T T
10900 SEINT "

'0910 PRINT ™ The maximum vaiue of the current data ts “:“=max:” ‘dBsm).”
10920 PRINT * The minimum vajiue of the current gata is ":Ymin:" (dBsm).”
10930 SQINT

10340 FRINT *LCHRSC123) 1 "AUTO SCALE™ (CHRS(IZ2S)Y:" . . ... ..., Comuuter ce-
eratec scale.”

10950 SRINT ¢

10960 PRINT i CHRS(1Z23) "USER™CHRSCIZB) ;" vt i e e Jser gefines
scale.”

10970 SQINT ™

*0980 PRINT " YICHRSCOTZG) (UMAIN MENUTMICHRSC128) i L ... ... Zx1t Dack ic
maln menu.

19990 -N KEY S LABEL " AUTD SCALE™ G273 Auto

11000 ON KEY 7 LABEL " USER" G370 lzar

11010 oN KEY 9 LABEL ™ MATN MENUT™ G270 -

*1020 ON KEY 0 GOTO Idle

11030 CH KEY 1 GOTO Idle

1040 N KEZY 2 GOTO Igie

T N KEY 2 GOTOD Idie

“1060 ZHOKEY 4 G370 Izie

1070 “H KEY 6 GOTO Idie

1080 N KEY 8 GOTO Icle

11090 Ic.e:DISP "Enter appropriate sort xoy.’

Tii0¢ J270 lgie

CTIT0 MEm e OFE kDY

Tl2e Telp=i

11130 SUREXIT

“1t4d user:CALL Ciear_crt:

1150 SRINT ¢ -

"1'60 SETNT ¢ - S onDsnInowcals
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11179 SRINT ™ -

-

11180 SRINT LR R g o O R S U P,
svansees'’

‘1190 PRINTV

11200 PQINT "

t1210 INPUT "Snter the maximum value of RCS scaie cesirea.”. Ynax

11220 INPUT “Enter tne minimum vaiue of RCS scaie gesirec.”.Ymin

11230 Range=Ymax-Tmin

11240 If Range>( THEN GOTO Good_rge
11250 3EEP

$ 1260 IF Range=Q THEN PRINT *

r Ymin and Ymax."

*1270 _F Range<i 7THEMN PRINT * Your Yoin :s greater *han y
our Ymax."

© 1280 SRINT ¢

' 1290 ~RINT * “ry again!”

11300 5370 11270

11310 Gooa_rge:CALL Clear_crt
11320 OFF KEY

1330 SUBEXIT

1340 Auto:CALL Clear_crt

11350 Ymax=Ymax+10

1360 Ymax=PROUND(Ymax . i)

11370 Ymin=Ymin-10
11380 Ymin=PROUND(Ymin.1)

11390 QFF KEY
11400 ?UBEND

1420 !
11430 SUB Heading
11440 CALL Clear_cr:

You have entereg the same value fo

11450 SRINT "iCHRS(129) :"»ensusna - - - -
":CHRS (12
‘1460 SQINT YiCHRS((129) 1
=" :CHRS(123)
11470 PRINT * ":CHRS(129);"~ AFIT'S AUTOMA "2 SCATTERING MEASURE™
ENT FACILITY " :CHRS(128)
11480 PRINT *:CHRS(129) ;"=
«":CHRS(123)
.1490 ;;INT " ":CHRS(129):"'*‘ PR Y LRI R Y P Y
g *rCHRS (123
11500 SUBEND
1510 !
'1520 !
11530 S Jraw_zit¥pax. fnin, dmin, £nax,.dm.Nun_traces)
T 1540 - Oy Cahd@ u. Lergey. May [E3%
*S50
'Se0
11570
T1580 Clelr_arver

11580

~7sure TT&t parer ang tuo pens are 1n the piotter at

Press TICHRS(129) ;"CONTIMUE™ :CHRSO12S.
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SRONT MINISPI:IP Y500.2000.5500.7500:”

PRINT “SC0.801.0.100:

PRINT °U 0.0 PD 801.9. 801 100,0,130.0.9 PU:"
PRINT "SI ,2,.3:7L 3.0:

IR X=0 rO 801 SxtPT801/Num _div

PRINT "PA™ 3

NEXT X

SSINT CUTLOt.sL0t

TR X=3 70 0 STEP 801/(Nun_aiv=i0)
PRINT "PA™ X."0.XT"

e XT X

SRINT 7L 0.3:"

“TR X=0 TQ 801 STEP 801/Num_div
PRINT "PA*" X,"100,XT."

“eXT X

PRINT "TL 0

SJR X=0 TU 30 l STEP 801/(Num_aiv=i0()
PRINT "PA" X."100,XT"

NEXT X

rOR X=0 70 ! STEP 1/Num_div
PaB()inX
SRINT Pa"™,p,"0"
VaXmin+(Xmax-Xmin)=X
Ve*PROUND(V.-2)
PRINT "CP -1.5,-1;LB":V:ES
NEXT X

1.9

F Dm~t THEN PRINT "pPa™ gNn1/2.° ‘3:CP -3.-2.5: LBFREGUENCY (GHz»"

2= Dm~-1 THEN PRINT "PA",801/2 W:CP -5,-2.5: LBTIME (nei':ES

FTINT "SCO.1” . Yain.Ynax:"TL 3.0

Sange=Ymax-Yrin

TR Y=Y¥min+10 70 Ymax-10 STEP 10
PRINT "PAQ™.,Y."YT™

NEXT Y

PRINT "TL 1.5.0"

-~ Range>49 THEN { ttle_tick=2.5

iF Range<S1 THEN Littie_ticr=2

I Range<31 THEN "jttle_t:ck=t

FIR Y=Yaan-citzle_tiek TO Ymax-Little_tick STEP Little_tick
ZRINT P4 07, Y, YT

N v

Ymax-Little_tick STEP Little_ticx

alii-L R4

L BT TSN RN

T teame-iioiE tLEN Gifrares
"’LF," eone V"\J.ﬂ"‘~ "_.l. S,_t'ﬂ
trgmy = AND Yaame- 99 .-4.}; [‘i’ce(-q
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12273 17 Ynum»-1 AND Ynum<0 THEN Cifset=3
12280 ¥ Yaumsd THEN Offset=0

12293 IF Ynum>U AND Yrum<l THEN Gffset=>
12300 T Ynum>.29 AND Ynum<10 THEN Offset=3
12310 27 Youm>§.99 AND Ynum<100 THEN Offset=4
12320 IF Ynum>39.39 THEN Offset~5S

12330 SRINT “CP".(-2.5)-0ffset.”-.25:LE": Yaun:::
12380  4EXT Y
12341  IF Dm=1 THEN

12342 PRINT "PAQ", Yain+Rarge/2:"DI0.1:CP -5.5"
12343 PRINT "LBRCS (dBsm)":ES

12344 St

12350 PRINT "P60",Ynin+Range/3:"DI0.1:CP -5,5"
12360 PRINT "LBIMPYLSE RESPONSE (cBsm)":ES

12361 ND IR
12370 CRINT "DI1.0"
12380 SRTINT :pU:PRO".YnLn.“;SI .15,.225:CP-5,-5:"

12390 PRINT "_3Fi1ie Name 3anawigtn "olarity Soft gate sate Cent
ar”;E3
12400  SRINT .3 fate wiath Date":ES

2410  °2INT "spPo"
12420 PRINTER IS CRT

12430 SUBEND

12440

12450 ! |
12460 SUB Draw_catat¢Plot_dt¢=), Ymax.Ymin.File_name$.Bandwigtns.Foiarity.Pre_gate
$.Gate_cent.Gate_span.Date$.Num_traces..in_typ)

12470 ' wWritten oy Dana u. Bergey, May 1989

12480 PRINTER IS 705

12490  PRINT "SC0.801".Ymin,Ymax

12500 PRINT "SP2;"

12510 1F Plot_dt(1)<Ymin THEN Plot_dt(1)=Ymin

12520 IF Plot_at(1)>Ymax THEN Plot_ct(1)=Ymax

12530 ~RINT "PUD” ,Plot_at(1);

12540 PRINT "LT2":Lin_typ:":"

12550 27 Lin_typ=0 THEN PRINT "LT:"

12560 FOR I=% 70 801

12570 F Plot_dt(I)<Ymin THEN Plot_dt(I)=Ymyn
12580 IF Plot_dttI)>Ymax THEN Plot_dt(I)=Ymax
12590 PRINT "S2*,1.Plot_gu¢ D)

12600 NEXT I

12610 ‘lum_traces=Num_traces+!

12620 PRINT "24:PAD" , Ymuin. "SI .15,.205:CP-5 -2
12630 £5=CHRS(3)
12640 IF Polarity=i0 THEN

12650 2olga"LTRTIONTAL™
12660 Z.3E
12670 221$=""ERTICALT

12680 =MD IF

J_Mum_traces

12700 PRINT <RTiEIrol
2710 IKT -

5720 3TNt

2730 BB N

S780  caT

3755 ==

2760 =3

3770 =%

2780 9

12750 o Tz
12800 R
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12810 PRINT "_5";Gate_cent:tS
12820 PRINT "CP:C267.1:"

12830 PRINT "LB";Gate_soan:ES

12840 No_gate: PRINT "7P:CP738.1;"

© 2850 SRINT Lo u&tES:ES

*2360 Bottom: PRINT "SI 2. ZPUCT . YaLn, TSP
12870 PRINTER 1S CRT

12880 ?UBEND

'

! SUB Clr_ccr

12920 MTPUT KBD: v

*2930 ?UEEND

'2°50 !

12960 SUB Pat_procoiot

12970 ' Written by vana J. Sergey, May 1989

12980 OPTION BASE 1

12990 DIM Ptrace_cgata(360).View(365)

13000 Input:CALL Pat_input(Ptrace_data(+) .Fr,Date$.File_nameiS.Pol.Pre_gates)
13010 View:CALL View crt(Ptrace_oatat- -xle _name2$.Retrn,Coorc)

13020 IF Retrn=2 THEN SUBEXIT

13030 IF Retrn=! THEN GCT0 Input

13040 Pmenu:UN KEY 0 GOTO Idle

PN
(Ve Voleo]
—-Oow
ooo

13050 ON KEY ' LABEL "LINE TYPE™ GOTO Lin_typ
13060 ON KEY 2 GOTO Idle

13070 ON KEY 3 GOJTO Idle

13080 ON KEY 4 GOTO Idle

13090 ON KEY S LABEL "PLOT GRID" G370 Pgrig
!3100 ON KEY 6 GOTQ Idle

“3110 ON KEY 7 LABEL "PLOT DATA™ GOTO Pdata
*3120 ON KEY 8 GOTO Icle

“3130 ON KEY 9@ LABEL "2XIT" 5370 Pexit

13140 Idle:DISP "EMTER APPRCPRIATE SOFT KEY™
“32150 G370 Icie
13160 Lin_typ:CALL Clr_scr

ON KEY

13170 ¢ LABEL "T" G070 Zero
13180 ON KEY 1 LABEL "' 5070 One
12190 ON KEY 2 _8BEL 2" GOT0 Two
13200 ON KEY 3 _ABEL 2" 6G0TQ Three
13210 ON KEY 4 _ABEL "&" GOTO Four
13220 ON KEY S _SBEL "< GOTO Five
13230 ON KEY = iPB L "6" G370 Six

ToAaT0 anle

¢ 5272 Lic.e

2 '7 T o_:izle

ol ZoElT LoD tvezn
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3¥20 GoT

13430
13440
13450
13460
13470
13480
13490
13500
l1,Pre

~—

2372 Tlenu
Porid: CALL Clr_scr

CALL Pscale_cn(Ymax,fmin,ttrace_cata(e))

CALL Cir_scr

% Coora=9 THEN CALL Pdraw _ol(Ymax,Ymin.,Num_traces)

7% Copora=l THEN CALL Poidraw_p:{(Ymax.Ymin,Num_traces)

G370 Pmenu

Pdata: CALL Clr_secr

IF Coord=0 THEN CALL Pdraw_data(Ptrace_data(#),Ymax.Ymin,F:le_nameZS.Fr.7o
cateS.Date® .Num_traces,Lin_typ)

13510 IF Coord=1 THEN CALL Poldraw_data(Ptrace_data(=),Ymax.Ymin.F:le_namel$.Fr.
Pol.Pre_gate$.Date$.Num_traces.Lin_typ)

13520 GOTO Pmenu

13530 Pexi1t: CALL Cir_scr

13540 GRAPHICS OFF

13550 GO0 View

13560 SUBEND

13570 ¢

13580 !

13590 SUB Pat_input(Ptrace_cata(=).fr,Date$.Fi1le_namelS.Pol,Pre_gates)
13600 ' kWritten by Dana J. Bergey, May 13989

12610 OPTION BASE 1

13620 JIM View(3653)

13630 CALL Clr_scr

13640 Start:PRINT "*

13650 PRINT

13660 PRINT * Tnse.: disc containing data file into rignt hand aisk ¢
rive."”

13670  PRINT ™

13680 PRINT ™ Press ";CHRS(12!) ;"CONTINUE";CHRS(128):
" when ready.”

13690 2aUSE

13700 2% ERROR GOTO Errc

t3710 CAall Clr_ser

13720 NPUT "Do you wish to see i1:sting of agisk (Y or N)? Derauit s NJ."._..
3t

*3720 5 LlistS="Y" THEN

©3740 CAaT

13750 GN KBD GOTO Again

" 27690 JISP CHRS(131):"Press space bar wnen ready.  ;CHRS(128)

2770 Lioop:GOTQ Llooe

*3780 t.SE

"2790 3370 ARagain

280N HD IF

Afoa:n:CALL Cir_scr

T “"Enter the ti.¢ name of the stcreg f:le.”.File_nanelS

0 F:le_nanelS

Tat
ace_2atati)=Vieutl
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1398¢

AS5TGN &N+e (a2 TN Nte §.,e7S

13930 INJER #Dte_file2.1:Date$

14000 INTER #Dte _7:le2.2:Pre_gate$

14010 ASSIGN #Dte_11ie2 70 =

14020 SUBEXIT

14030 Err2:CALL Clr_scr

14040 JISP ERRMS

14050 3EEP

14060 JFF ERROR

14070 5370 Start

14080 SUBEND

14090 i

14100 !

"4110 SUB Pscale_cn(Ymax.!min.Ptrace_aata(=))

'4120 ! Written by Dana J. Bergey, May 1989

14130 GRAPHICS QFF

14140 Ymin=Ptrace_catat!) ! INITIALIZE

‘4159 Ynax=Ym:n

4160 “0R J=1 10 360

14170 IF Ptrace_data(J)<Ymin THEN Ymin=Ptrace gata(.)

14180 IF Ptrace_gata(J)>Ymax THEN Ymax=Ptrace_cata(.)

14190 NEXT J

14200 CALL Clr_scr

14210 SRINT ™ *

14220 PRINT - SCALING CHOICES

14230 PRINT * -

14240 DIQINT " el L L N T T T O e S e
Ead o 2 2 2 2 3

14250 PRINT .
14260  PRINT © The maximum vaiue of the current cata is ":Yaax:" (iBsm).
14270 PRINT The minimum vaiue o+ the current cata 1g ~:Ymin:" (cHsm).
14280 SOINT ¢

14290 SSINT ¢ ":CHRS(122) :"AUTO SCALE":CHRS(123):". ... .. .... Computer ger
erates scaie.'

14300 FRINT

14310 PRINT * "iCHRS(123) i "USER™:CHRS(128) " . ... ....... . .Jser aefines
scaie."”

14320 FRINT =

14330 o KEY S LABEL ™ AUTO SCALE"™ G3TO Auto

*4340 IN KEY 7 LPBEL USZR"™ G370 User

14350 UN KEY 9 GOTO Idle

14360 ON KEY 0 GOTD Icle

1a37n NO¥EY 1 6070 Idle

Rl CKEY 2 OG3T0 Icie

14299 JH KEY 2 G370 Iale

e S KEY 4 6370 Iale

taayn TNOKEY 6 GATO Idie

TRL20 N KEY 8 GOTC Idie

P9430 [:le:DISP “Enter appropriate soft key.”

TLuen TLTD Idle

wuadhoczar0a L Clear ers

TLLel 2T -

14479 SRINT ¢ - USZR DEFINED sSCALE

LGAN oeNT -

aaayp ~OTNT O R N BN A RPN e O B N r e R a B e Nt IRt Nt tenrtarssettanerert taraaRls el ass
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wooaces’

14500 SRINT ¢

14siu -®IN,

14520 NPUT "T-arter the maximum vaiue of
14530 INPYT “Zncer tne minimum value of
ra5ag lange=rfmax-‘m:n

14550 If Range»>u THEN GOTC Gooa_rge
14560 sgzP

14570 IF Range=) THEN PRINT "

r Ymin anc laav.

14580 ¥ Range<u TFN PRINT =
our Yrax."

14590 TTINT

Tah00 STTINT ¢

T4610 RN

'4620 Gooa_rage Clear _crs
14630 FE KEY

‘4640 JuBEXIT

14650 Auzo:CALL Clecar cr:

14660 fmax=rmax+i)
14670 Ymax=rFROUND(Ymax, i)
14680 Ymin=fmin-i?
14690 YminsPROUND(Ymin. )

14700 oTTvEY
14710 SUBENED
14720 !
14730 !

14740 SUB Pdraw _pit7max.’min,Num_traces)
Mum_traces=1J
CALL Cir_scr
PRINT
PRINT -
PRINT
SRINT &

SRINT
EQINT ¢
reagy.’”
= 2USE

0.:00:
60.0

L 2,00
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gesirea.’” . Ymax

Yoain

scaie

3
7 scale aesirec.’”,

cs
Cs

You have entered the same value fo

Your Y'min :s greater than y

ry again'"

! wr:itten by Uana J. Bergey, May 19883

pens are I1n tne piotter at thi

Press ":CHRS(129);"CONTINUE™:CHRS(128?

1500.2000.9500.7500:"
.360.100.0.100.0.9 ;"




SRINT “OA™.X."100.XT"

NeXT X

3R X=0 T3 360 STE?P a5
SRINT "oa™.X."g"

IFOX<10 .HEN PRINT 72 -1.5,-1:.3":X:E3
TFOX>9 AND X<1G0 T%CN pPINu O O - I G 4
IF X>99 THEN PRINT "CP -2.5,-1:L3":X:ES
NEXT X
SQINT P48 180.0:CP -'1.-2.5: L3ASPECT ANGLE (DEGREES)’
FRINT "SC0.360",Ymuin, Ymax. T 3.0"
Jange=fmax-T'min
TIR YsYmin+i0 T3 Ymax-i0 STER 10

SRINT 2ade,y,'vye
NIXT Y
SRINT “7_ 1.5.0'
IF Range,d9 THEN {:ttie_t:ick=2.%S
7 Range«5i THEN Little_ticke2

27 Range<d1 THEN Littie_tick=i

“OR Y=Ymin+tittle _t:cx TO Ymax-Little_ticx STEP Lirtle_tick

PRINT “PaA @, Y “vT™

NEXT Y

PQIN' "L 0,37
TR Y=¥min+10 TO Ymax-10 STEP 19
SRINT "PA 360 *, v, "YT"

HEXT Y

SPRINT 7L 0.1.5"

“IR YaYmin+Little_t:ck TO Ymax-Little_tick STEP L:uttle_ticx

PRINT "PA 360",V ."YT™
NEXT Y
FTINT "TL 3.0
FOR Y=Ymgn 70 Ymax STEP 10

PRINT "PA 0",

Yrnum=1

Ynum-PQDUND(Ynun -
Ynum<-99.99 THEN Dfr et-5
Ynum>-100 AND Ynum<-2.93 THEN Offset=5
Ynum>-10 AND Ynum(-.99 THEN QOffset=4
Ynum>-1 AND Ynum<0 THEN Offset=3
Ynum=0 THEN (ffcet=0
YnumsU AND Ynum<i THEN Offset=2
Ynum> .39 AND Ynum<10 THEN Offcet=3
Ynum>9,29 AND Ynum<100 THEN (Offsete=s
Yrnum>99,99 THEN (ffset=S
INT “2P" (-2.5)-0ffset.”-.25:LB"; Ynum:ES

Wb b r ak 4 4 peonn
DTy mITen

~anaesZ:"DI0.1;CP -5,5"

RP DO T R o=l I

te hare r requency rolarization

LT_Tvyn)
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15650
15660
15670
15680
15690
15700
15710
15720
15730
15740
15750
15760
15770
15780
15790
15800
15810
15820
15830
15840
158590
15860
15870
15880
15890
15300
15910
15920
15930
15940

RASANATRA NN
R poftonr

[

‘0

(3"0 K\J [N S

-0
36

' -‘race oata(1)

THEN PRiNT LT

.F Ptrace Fata&

D <Ymin THEN Ptrace_catat)='min
IF Ptrace_ocatatI)>Ymax THEN Ptrace_data(i)=Ymax
"PD",I.%trace_ocatatl)

Num_traces=Num_traces+|

Yon,

*HORIZONTAL™

“RINT
NEXT I
PRINT "Pu.PAQ™
Z35=CHRS(3)
IF Pol=1 THEN
Pals«"YERTICAL"
ZLSE
Polgs’
END IF
3R I=0 70 Num_traces
PRINT "CPG.-1:
NEXT I

PRINT "LB":Fxle_ngmeZS;ES

PRINT "CP:CP20.1
“LB"iFr”
"Ce;CP38.1

~RINT
2RINT

GH

7IES

PRINT "LB":POIS:ES
PRINT 'PP CPS9,1:
‘LB":Pre gates £s
PRINT "CP CP69.:
"B, DateS €5

PRINT °
PRINT

Bettom:PRINT S

SUB View creView(=) . File_namelS.Retrn.Coora)

I .2

.. 3:PUD” ,Yman,"SP "

! Written by vana J. Bergey. May 1939

SRy

“INTERNAQL™

T=EN Ymin=View(])
THEN Ymax=View(I)

)

15950 PRINTER IS CRT
159€0 SUBEND

15970 !

15980 !

15990

16000

16010 Start: CALL Cir_scr
16020 GINIT

16030 ~ JTTER IS 3.

16040 in=View(l)

16050 max=Ymin

16061 ‘OR I=1 TQ 359
‘6070 F View(D)<Ym:in
16080 TF ViewtI)>Ymax
'5090 GEAT I

TS106 Ymax=Ymay+'N

Ll ‘max=FS0UND(Ymax . !
5120 "min*Ymin-'9

‘8120 mneCRRUND( YN, 1)
TH14T “ange=Ymax-Ymin
TiSE FAPHICS OH

16160 3

N VA

.2 73 .3 SweP
JaslN00
2BSE

RVABLES™

;ST .15,.225:CPS.



6620
3630
5640
5650
6660
G670
6680
5690

= 3AME
~NDGK Y .2B0.faun. fnax
SXES S.2.0.Ymn, 9.8,
CIiZz
_IRG ~
IR IFF
SR I=0 T2 260 STER 4
QUE T /nn-i
_ABEL I
NEXT T
_JRG 8
“ZR I=fain 73 Ymax 3722 19
MOVE -°, 1
_ABEL I
MEXT I
“OR I=0 TO 359
PLOT I, Viewt[+!)

MEXT I

M KEY 4 LABEL IUMP T3] PRNTR™ 5370 Ddume
JN KEY 0 LABEL "PLOT RECT.™ GOTQO Plotr
IN KEY ! GOTQ Idle

IN KEY 2 LABEL "PLOT POLAR™ GOTO Ploto
IN KEY 3 GOTQ Idle

ON KEY S LABEL “NEW DATA"™ GOTO New_data
N KEY 6 GQT0 Idle

ON KEY 7 LABEL "SHIFT DATA"™ G370 Shift
M KEY 3 GOTO Idle

ON KEY 3 LABEL "EXIT" 60T0 Exit

Idle:DISP "PRESS APPROPRIATE SOFT KEY"
33070 Idie
Ddump :PRINTER IS 701
DUTPUT KBD:" N™:
SQINTER 1S CRT
GOT0 Idle
Shift: CALL Clr_scr

5700 DIM Viewl(361)

5610 NPUT “How many degrees shouid the data be shifted ?
".Oshifz

5720 3N ERROR 6370 16710

6730 F Dshift<-360 OR Dshift>360 THEN GQTQ 16710
5740 7 Dshaft>0 TREM

6720 Dshift=360-Dshitt

5760 TLsE

5770 Dghift=-1+Dshift

6780 END IF

6790 FOR I=! TQ 360-Dshift

6800 View2(I)=View(I+Dsn1ft)

6810  NEXT I

6820 FOR I2-1 TO Dshaift

5830 J1ew2(i60-Dshi1ft+[2) =Y, aw(I2)

6840 NEXT I2

6850 FCR I3=1 TGO 360
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'6860
16870
1688¢
16890
16900
'53140
16920
16330
16940
16950
16960
163970
16980
16990
17000
17010
17020
17030
17040
$7050
17060
17076
17080
17080
17100

17170
17180
17190
17200
17210
17220
17230
17240
17250
17260
17270
17280
17280
©7308
17310
*7326
*7330
17340
17350
17360
*/376
*738¢
173290
17400
17419
17426
7430
17440

2

o)

Y=Viawe(I2)

§

e Lol

K

e
T e

ars
J[’:‘HLL Z.r_scr
Setrn=u

_cora=i

SUBEXTT

CHH.

Piotp: ALL CTir_scr

Retrn=1
Coora=i
SUBEXIT

New_cata: SRAPHICS CFF

~ery~—‘
CALL i _scr
SUBEXIT

Exit: SRAPHICS CZFF

Sul Tolgraw s liYmax, Imin Num_traces)

«et'ﬂ"
JALL Clr_scr
SUBEND

wnritten by Dana J. Bergey. May 1589
4um traces=9
L L .r_scr
DQINT
PRINT "
PRINT

PRINT ™ Snsure that paper ana two

PRINT

FRINT ¢ Press
when ready .’

SagSeE

CAaLl Clr _ser

SRINTER IS 705

£S=CHRS(Z)

PRINT ™M SP1:IP 1000,900,9000,.8200"

PRINT "SC*,Ymin,Ymax,Ymin, Ymax

Cntr=Ymax-(Ymax-Ymin)/2

Numeire=(Ymax~-Ymin)/10

Zadmax=(Ymax-fmin)/2

FOR I=' 70 Numcirc

FOR T=0 70 2<PI STEP PI/S0

X=Cntr+(COS(T)=Raamax/Numcircei)=.81

“=Cntr+SIN(T)«Radmax/Numcirc=1

SRINT USING 17350:72a" ¥.,.v,"2D:"
IMAGE ZQ,Z(HDD.DDDD).3R

NEYT T

SRINT "DU"

NEXT D

SCINT RyiLT2. 1

z Tai 7O 2eRPI-PI/13 ©TED DI/Q
tr?x-'ntr*QaGmax-LOS(.)- 3i
trty"n r+radmax~SINC(T

INT "2:PR" , Strtx. ourty

cx-untr’Racrax/Numc;rc~CD°(T)-.81

~ay= Lntr*Radmax/Numczrc~bIN(T)

'N~. 'PD:PA” . Endx.Eray

fNT "LT:DIt. 0"

[ARART A2 B
(1) nu 134
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174570 =231 =Cntr -Radmax/ 12
17460 SEINT “PL:IPA™ . Posl1.Cntr
17470 SIINT “.8%;:Yminit®
17480 PRINT "LBdBsm":E3

17490 P3s2=Ymax-Radmax/6
17500 PRINT "OUPA™ Pg32,lntr

17510 PRINT ILB" Ymax:£S

17520 PRINT "LBdBsm., 0 degrees”:ES

17530 J90x=Cntr~(Ymax-Tmin)/20

17540 DS0y=tUntr+Radmax

17550 ' PRINT "PU:PA".DS0x.D30y

17560 ' PRINT "LB90 degrees':£S

17570 D180x=Cntr-Radmax=7/6

17580 D\SOV'Lntr

17590 SRINT "P1y.PA",D180x., DlBOv

57600 PRINT 18180 degreas ]

17610 Ardsx=Cntr-Radmax=.8

17620 wrasy=Cntr-rRaaomax=.3

17630 PRINT "PY;PA" Hrdsx.Wrdsy. :SI .15,.225:CP0.-5;"

17640 PRINT "L3File Name Freauency Polarization Soft gate
Date”:£S

17650 PRINT “SPO™

17660 PRINTER IS CRT

17670 SUBEND

17680 !

17690 !

17700 SUB Poldraw_data(Ptrace_data(=),Ymax,Ymin.File_name$.Fr.Pol.Pre_gate$.Date

S,Num_traces.Lin_typ)

17710 ! Written by Dana J. Bergey, May 1989

17720 PRINTER IS 705

17730 PRINT "IP 1000,900.9000.8900:SC".Ymin.Ymax,¥min, fmax

17740 PRINT »sp2:™

17750 Numcirc=(Ymax-Ymin)/10

17760 Radmax=(Ymax-Ymin)/2

17770 Extra=Radmax/Numcirc

17780 Cntr=Ymax-~(Ymax-Ymin)/2

17730 Xo-Cntr*.5~(Ptrace_data(l)—Ym;n)-.81

17800 PRINT “PU".Xp.Cntr

17810 PRINT "LT2":Lin_typ:":"

178290 IF Lin typ-O THEN PRINT "L7:"

17830 TR I=1 TQ 360

17840 Theta=1/180+3.1415°7

17850 {=(Ptrace_data(I)-Ymin)=CO0S(Theta)=.81

17860 Xo=Cntr+X/2

*7870Q Y=(Ptrace_gata(D)-Ymin)»SIN(Theta)

* 7880 YosCntr+Y/2

17830 SRINT D"  Xp, Yo

©7900 NEXT I

7910 Mur traces=Num_traces+!

17920 Xp='ntr+.S~(Ptrace_gata(i)-Yminie, 3}

17930 SSINT UPD™ . Xo.Cntr

*7940 nrdsx=Cntr-kadmax*.g

$7agqg srdsy=nsr-2admax=.s

LY. SR INT "R P8Y Wrasx.Wrosy. ':SI Li3,.123:CPG. -4
+7370 Zi=CHRS ()

TTgel o7 Pol=1 THEN

179¢0 Soi%="HORIZONTAL"

13000 coSE

"3010 “0l$="VER ICAL"

“302 Ir

"
X I=0 70 Num_traces
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18040
18050
18060
18070
13080
18090
18100
18110
18120
18130

"18140

18150
18160
18170

PRINT "CPO,-1;"
NEXT I .
PRINT “L8":File_rame$:E£S
PRINT "CP:CP16.1:."
PRINT "L3":Fr:" GHz"ES
PRINT "CP:CP33.1;"
PRINT “L3":PolS:ES
PRINT "CP:CPS52,1:"
PRINT "LB":Pre_gate$:E%
PRINT "CP:CPG64,1;"
PRINT "LB":Date$:ES
Jut=Cntr-Radmax
PRINT "P*:Cntr.0ut.”:SPO:"”
PRINTER IS CRT

18180 SUBEND

18180 !
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UNCLASSIFIED

The purpose of this study was twofold. The first objecive was
to complete the develpment of AFIT's Far-Field Radar Range with a
fully automated measurement process. The second objective was to use
the facility to investigate the scattering of metallic versus transparent
aircraft canopies relative to the scattering of the total aircraft.
The approach for the investigation was: first, to measure scale model
aircraft to determine the effect of the RCS of the canopy/cockpit area
on the RCS of the total aircraft, and second, to design and measure a
test bedy which would isolate the canopy/cockpit area fram the rest of
the aircraft.

Tne result of the work on the first task is a software package
called AFIT RCS Measurement Software (ARMS). The successful performance
of the far-field range was validated by very favorable camparisons with
the Wright Research and Development Center's anechoic chamber. The
scale model measurements suggest at most a 5 dB difference between the
scattering fram the two extreme cases. The test body, however, clearly
demonstrated differences up to 20 dB at certain frequencies.

This study documents the upper and lower bounds of the subject
measurements in an indoor measurement range. The Air Force has expressed
interest in steering the investigation to examine materials and/or
cancpy construction.
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